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SCIENTIFIC METHOD IN THE 
CONSERVATION OF PICTURES 


N the Golden Age, Plato and Aristotle walked in 
the Academy and in the Lyceum, instructing and 
disputing. We, in our time, are in possession of much 
of their labours; we have entered into them, and 
they have become part of our inheritance. Other 
searchers after truth there were too in those days-— 
artists and craftsmen—-who fashioned things for 
delight as well as for use. But alas! less, much less, 
of their works have survived to the present day. In 
the case of paintings (originally a great number) next 
to nothing now remains. In due time, men of genius 
in applied science appeared, men who understood 
how to harness natural law to immediate needs. 
They had to combat the Platonic tendency to dis- 
courage investigations concerned with gross matter, 
and for centuries there had been the lag between 
discovery and application. But it may be that man 
was not then ready for such advances. Enough to 
recollect that when a giant appeared—in the person 
of Leonardo da Vinci—he combined consummate 
artist, engineer, technician and natural philosopher 
all in one. Perhaps sensing his own incapacity to 
generalize, he strove against heavy odds to study 
afresh the works of Archimedes, and thus, with not 
inconsiderable success, to effect a junction between 
studio and laboratory. 

The centuries that have passed since then have 
taken heavy toll of man’s cultural patrimony. No 
nation has escaped, though losses are probably less 
than some people imagine. But deterioration goes 
on without ceasing: here a little and there a little, 
until some irreplaceable masterpiece stands in real 
jeopardy. The duty of conservation is plain enough. 
How is it to be shouldered ? On p. 166 of this issue 
of Nature, Dr. W. G. Constable discusses the findings 
of the Weaver Commission, appointed last summer 
to examine the methods and results of cleaning 
pictures at the National Gallery. 

In outline, the report of the Weaver Commission 
goes far, perhaps as far as it is permissible to go, in 
the direction indicated by the terms of reference. 
But its significance lies much deeper. For it is 
a wider concept than what has happened or not 
happened to certain pictures that is involved. It is 
nothing less than the place of scientific method in 
the task of conservation; and it may be said at 
once that the report provides full vindication for its 
introduction. Clearly, every consideration and weight 
must be accorded to esthetic principles (and at a 
certain stage of operations these may well be crucial) ; 
but when all is said and done, supreme paintings are 
physical objects and subject to all the limitations, 
stresses and strains to which such things are prone. 
Restoration connotes much more than ‘cleaning’; a 
branch of knowledge now known fairly widely as 
‘picture-mechanics’ is indicative of the temper of re- 
sponsible people who strive to understand, and then 
to use, the advancement of laboratory techniques for 
the benefit of the national collections. They are not 
in the least inclined to wander into other people’s 
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gardens, where they may or may not be welcome : 
their sole function, as they see it, is to bring to bear 
every kind of scientific device and experience, and 
to use them impersonally and impartially in the 
service of conservation. Again, just as the ablest 
physician or surgeon will realize that his patient has 
@ personality, and that recovery from illness and 
sound health thereafter are closely connected with 
it, so the man of science in the service of the arts 
appreciates that a great picture was made and exists 
for glory and for beauty, for the enjcyment of man- 
kind. Manifestly, the responsibility of the authorities 
is to the future, as well as here and now. 

Realizing this, the Weaver Commission stressed 
the need for air-conditioning as the most important 
single item among those calculated to preserve the 
pictures in the National Gallery in the interests of 
posterity. Shortly after the pictures were returned 
from their war-time exile in Wales, the Ministry of 
Works, in consultation with the Trustees and Gallery 
officials, started to prepare plans, and intensive study 
of the problem—by no means an easy one in the case 
of such a building as that in Trafalgar Square—has 
been going on continuously. It is understood that, 
in fact, a start has already been made with the erection 
of the room for the necessary equipment, and much 
of the machinery is already on the site. Naturally, 
every opportunity is being take”, to learn from experi- 
ence, by visits and so forth to installations, both in 
Great Britain and overseas. The project is of necessity 
being conducted in stages; and there can be little 
doubt that a most efficient scheme will emerge in 
the end. Advantage is being taken of the atmospheric 
pollution tests made in the Gallery during 1936-37 to 
guide the engineers in the filtration problem; for 
there is no reason for thinking that the data to-day are 
appreciably different from those of twelve years ago. 
Similarly, observations already exist relating to the 
moisture-content of panel paintings (that is, those 
executed on wood) both in the public galleries and 
elsewhere. These figures are of considerable import- 
ance in caiculating the limit between which it is 
desirable for the relative humidity to be stabilized. 

For some months past, preliminary plans have 
been maturing for the more exact registration of the 
dimensional change in wood and fabric supports as 
@ function of relative humidity and temperature. 
The experiments have been designed to reproduce as 
nearly as possible the actual conditions obtaining in 
@ picture and should yield valuable information 
relating to warping, cracking and flaking. 

These activities are perhaps but a fraction of the 
scientific care of paintings. An indication of the 
problems involved is given by Mr. F. I. G. Rawlins, 
scientific adviser at the National Gallery, in an 
article, with illustrations from some of the ‘cleaned’ 
pictures, which is published in the July issue of 
Endeavour. It is quite clear that no single institution 
can hope to tackle all the problems presented by an 
attempt to look after great pictures adequately. 
Before the War—in fact, ever since the research 
laboratory of the National Gallery was established in 
1935—the policy has been to work in close co- 
operation with the Department of Scientific and 
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Industrial Research. Broadly, the task is twofold: 
the application of scientific processes (mostly physics) 
to the pictures themselves, and next the ‘farming 
out’ of questions relating more to the materials from 
which pictures are constructed and the contro] 
of the environment. The fusion of both lines of inquiry 
should lead (and indeed has led) to a much fuller 
understanding of the whole subject. In the main, 
the first type of work is undertaken in the Nationa] 
Gallery laboratory itself; whereas the second jg 
carried on in such establishments of the Department 
of Scientific and Industrial Research, and sometimeg 
of the research associations, as convenience may 
suggest. In all: cases, the Gallery laboratory is in 
control of operations and co-ordinates them all, 
Further, the Gallery has the unique advantage of 
the services of an Advisory Scientific Committee, 
This is an honorary body of six distinguished men 
of science who meet quarterly in order to help in 
whatever way they can in the application of scientific 
methods, both in conservation and as an aid to 
historical research. It was set up by the Trustees 
fourteen years ago, with the scientific adviser of the 
National Gallery (who is also in charge of the research 
laboratory) as secretary, and it is m veworthy that, 
apart from work on conservation, these years have 
seen valuable studies of esthetic as well as scientific 
aspects of the pictures in the Gallery. 

The result of all this is difficult to assess, since it 
is still something of a novelty and in the formative 
stage. But two tendencies are beginning to take 
shape: one (the short-term aspect) the value of an 
exact scientific and technical approach and control 
applied to the National Gallery’s problems as such ; 
and the other (the long-term view) a definite bridging 
of the gap that has so long separated the arts and 
sciences from one another, to the detriment of both. 
It is no less through doing than through thinking 
that the scholar and craftsman, technician and artist, 
can come to appreciate each other in a common 
quest for the beautiful. 


FIBIGER: PIONEER OF 
EXPERIMENTAL CANCER 


The Danish Cancer Researcher, Johannes Fibiger, 
Professor in the University of Copenhagen 

By Prof. Knud Secher. Pp. 206. (Copenhagen: 
Arnold Busck ; London : H. K. Lewis and Co., Ltd., 
1947.) np. 

HE first part of this book recounts Fibiger’s 

ancestry back to 1667: some of his ancestors, 
including his father, were medical men; but they 
seem to have made no striking contributions to 
scientific knowledge. Fibiger’s youth was not alto- 
gether happy, since his father died when he was 4 
child and his mother was put to some difficulty to 
educate the children and had little time for the 
affection that might have softened Fibiger’s character. 
His early history perhaps explains his rather moody 
nature, particularly in his early adult life, when, no 
doubt, he had to contend with the usual difficulties 
common to many medical men. But he seems to 
have been happy in his professional career, and 
writes enthusiastically of his early training with 
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Prof. Salomonsen, who gave him a comprehensive 
training in bacteriology which stood him in good 
stead in his later work. 

The second part of the book deals with his pro- 
fessional life up to the time that he made his dis- 
eoveries of the relationship between infestation with 
the Gongylonema neoplasticum and tumours in the 
stomachs of rats. His first scientific period was 
mainly concerned with controversies about the 
pathogenicity of bovine strains of tubercle bacillus. 
In this work Fibiger found himself in opposition to 
Koch, who belittled the importance of bovine in- 
fection as a source of human disease. Fibiger and 
Jensen upheld, successfully, the importance of the 
bovine strain, and at numerous international con- 

s he made his case so successfully that he 
rapidly acquired an international reputation. 

During this same period, Fibiger came to hold lead- 
ing positions in the medical and scientific world in 
Denmark, and in 1907 was elected to the Cancer 
Committee, which was originally formed to investigate 
cancer of the uterus. His influence was soon felt on 
this Committee, of which he became vice-president 
in 1908. . * sponsored a questionnaire to all Danish 
physicians, dealing with the incidence of cancer, 
and obtained replies from 99 per cent of them. In 
1909 he instituted a system of free microscopical 
diagnosis for which he was largely personally re- 
sponsible. In the next few years he obtained cancer 
censuses from the Faroes, Iceland and Greenland, 
which yielded the interesting result that the incidence 
in the Faroes and Greenland resembled that in Europe, 
whereas in Iceland it was only about half as high. 
About this time, a chance observation diverted his 
attention to experimental cancer investigation, which 
made his name famous throughout the scientific 
world, and won for him the Nobel Prize in 1928. 

The third part of the book deals with the develop- 
ment of this research, and is not only a convenient 
collection of facts which are not readily available to 
English readers, but is also a defence of Fibiger’s con- 
clusions by Secher against the criticisms that have 
been made since his death. There are numerous 
illustrations of the nematodes, of the cockroaches 
which are their intermediate hosts, and of the gross 
and microscopic pathological lesions observed by 
Fibiger, both in wild rats and in those experimentally 
infested. One can well understand how he reached 
his conclusions, on the available evidence, and in 
the light of scientific knowledge at that time; but 
despite the enthusiasm with which Secher supports 
the work of his friend, it cannot be said that he does 
much to strengthen the case as presented by Fibiger 
himself. It is unfortunate that fire destroyed the 
sugar factory in which the wild rats infested with 
nematodes were found with tumours in their stom- 
achs. Even the most careful attempts by Passey 
and his collaborators to reproduce the conditions of 
Fibiger’s experiments may have failed in some 
important but apparently trivial circumstance to 
reproduce exactly the conditions in Fibiger’s lab- 
oratory. Secher stresses the heavy infestation held 
by Fibiger to be essential for the induction of 
tumours, and not realized by others repeating the 
work. The reviewer cannot escape the conclusion 
that some of the tumours seen by Fibiger were 
genvinely malignant; but only benign tumours 
and hyperplasia have been recorded by others who 
have tried to repeat his experiments. There seems 
little doubt that some, at least, of the alleged meta- 
stases in the lungs were probably instances of meta- 
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plasia in brenchiectatic cavities, as clearly demon- 
strated by Passey et al. Secher illustrates, on p. 133, 
such @ lesion as a “pulmonary metastasis”; but on 
the same page is a low-power photomicrograph 
described as a “glandular metastasis’, which looks 
like a keratinizing squamous carcinoma. The tumours 
that were maintained by transplantation in Fibiger’s 
experiments seem to have qualified as malignant. 
Secher succeeds in convincing the reader of 
Fibiger’s integrity, and of the great thoroughness 
with which he pursued his investigation. He seems 
to have left nothing to chance, and to have been 
highly critical of his own results. If he failed to give a 
completely satisfactory explanation of them, that 
must be attributed to lack of knowledge of the 
influence of vitamins and other factors on hyper- 
plastic lesions, in the period about the time of the 
First World War, when this work was done. It must 
be said, however, that there are many irritating 
features in this book. It is written in English, and 
yet it is filled with the most curious phrases and 
words, which make the meaning obscure. For 
example, the stomach is referred to as the ‘ventricle’ 
very frequently, and a number of strange words occur 
throughout the text. Fortunately their meaning is 
usually clear, as, for example, “irritaments”, “‘can- 
cerated”, and so on. ‘The spelling of foreign names 
varies from page to page, and even on the same page. 
It would have been of considerable advantage to the 
reader if the text had been edited by an Englishman 
before publication. P. R. Peacock 





CLOCKS AND WATCHES 
Horology 


The Science of Time Measurement and the Con- 
struction of Clocks, Watches and Chronometers. By 
J. Eric Haswell. With Supplement. Pp. xvi-+ 288+ 19 
plates. (London: Chapman and Hall, Ltd., 1947.) 
16s. net. 

T is now about eight years since the previous 

edition of this book was sold out, and a measure 
of the esteem in which it was held by horologists 
is that second-hand copies were unobtainable. Its 
reappearance is therefore very welcome. The book 
commences with a clear exposition of the funda- 
mentals of time and time measurement, which are 
treated at considerably greater length than is usual. 
The section on pendulums deals principally with 
those types used in precision clocks ; it is unfortunate 
that the question of temperature compensation and 
temperature errors is not treated quantitatively, as 
this does not require difficult mathematics, such as 
the author has evidently taken much trouble to 
avoid. Also there is no mention of the magnitudes of 
circular and barometric errors. A point of terminology 
which seems doubtfully correct is the use of the term 
a ‘free’ pendulum, since all clocks described as having 
‘free’ pendulums have their pendulums, in fact, 
coupled to constant-force escapements of one kind 
or another. The term, however, has a wide usage 
among horologists, and it is perhaps as well to retain it. 

Clock and watch escapements are treated in 
Chapters 4 and 14; here, unfortunately, the author 
deals only with special cases of escapement lay-out 
and proportions. In the case of the lever and cylinder 
watch escapements, this is not very serious, as their 
designs are fairly stereotyped nowadays; but in 
cases such as the dead-beat and recoil clock escape- 
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ments, which may, in fact, be constructed with widely 
varying proportions, the information available is not 
of much use. Also references to the impulse tangent 
circle are misleading, since impulse is, in fact, delivered 
at right-angles to these lines, and in most of the 
drawings of clock and lever watch pallets there 
are small but nevertheless important geometrical 
errors. 

jearing is dealt with in Chapter 5, and in the supple- 
ment, and an interesting section has been included on 
epicyclic trains for revolving-escapement watches. 
There is a very useful section on the balance and 
spring, covering both the questions of temperature 
and positional errors; the supplement includes a 
section on modern hairspring alloys. 

A good description of striking and chiming mech- 
anisms, general lay-outs of clocks and watches, and 
much interesting and useful information on com- 
plicated watches, such as chronographs, calendars 
and repeaters, with a good chapter on the marine 
chronometer, combine to make this book very useful 
and informative to those interested in horology from 
a descriptive point of view. R. A. FELL 


LABORATORY ORGANIC 


CHEMISTRY 


Newer Methods of Preparative Organic Chemistry 
Translated and revised from the German. (Published 
and distributed in the Public Interest with the consent 
of the Alien Property Custodian.) Pp. xiii + 657. 
(New York and London: Interscience Publishers, 
Inc., 1948.) 8.50 dollars; 5ls. 


Semimicro Qualitative Organic Analysis 

By Nicholas D. Cheronis and John B. Entrikin. 
Pp. xiv + 498. (New York: Thomas Y. Crowell 
Company ; London: Constable and Co., Ltd., 1947.) 
258. net. 


Reactions of Organic Compounds 

By Dr, Wilfred John Hickinbottom. Second edition. 
Pp. x + 482. (London, New York and Toronto: 
Longmans, Green and Co., Ltd., 1948.) 25s. net. 


HESE three books cater for the needs of the 
student and the worker in organic chemical 
research. 

“Newer Methods of Preparative Organic Chemis- 
try” comprises fourteen articles each written by a 
German expert, which have been translated and 
revised by American chemists. It thus presents the 
reader with authoritative accounts of the application 
in the laboratory of a number of the most useful of 
modern methods and special reagents. Oxidations 
using lead tetra-acetate or periodic acid and dehydro- 
genations with sulphur, selenium or platinum and 
palladium catalysts are described. Catalytic reduc- 
tions with Raney nickel or copper chromite are 
reviewed in detail. Another chapter is devoted to 
oxidations and reductions in presence of aluminium 
alkoxides. An account of biochemical oxidations and 
reductions deals with the employment for preparative 
purposes not only of micro-organisms but also of 
higher animals. 

Other sections of this book discuss various substi- 
tution reactions of aliphatic substances, the chemistry 
of organic fluorine compounds and the uses of boron 
fluoride and hydrofluoric acid in organic reactions. 
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The fact that the chapters on diene syntheses ang 
the uses of diazomethane were written by Alder and 
Eistert respectively is a guarantee of their exc: |lence 
and in conclusion an account is given of the ses of 
organolithium compounds. 

The volume is an excellent and timely production 
which will be of great service to the research worker. 

“Semimicro Qualitative Organic Analysis’’ aims at 
providing a general course in qualitative organic 
analysis for students, and a manual and reference 
book for workers in all types of laboratory, whether 
academic, professional or industrial. 

The rapid expansion of our knowledge of the 
chemistry of biological materials has been large|y due 
to the use of microchemical methods, the advantages 
of which are generally recognized, and the research 
worker in organic chemistry rust sooner or later 
acquire the necessary technique. The principle 
adopted by the authors of this book is that the student 
should learn to work on the semimicro scale in the 
organic laboratory from his first year, and the 
advantages in economy of material and valuable 
training are obvious. All the necessary operations 
and equipment are, therefore, described at the outset, 
and the rest of the book gives a systematic procedure 
for the identification of a substance, special emphasis 
being placed on observations of solubility. Suitable 
derivatives are listed for each class of compound and 
exact directions are given for their preparation and 
careful purification on the semimicro scale. 

Numerous lists of selected references are included, 
and the book concludes with a valuable collection of 
tables of compounds arranged in classes in order of 
melting or boiling point together with particulars of 
various derivatives or figures for physical properties 
such as density, refractive index or rotatory power 
to assist the identification. A final table includes 
many more complex bases, drugs, vitamins and 
hormones. 

This volume will not only be useful to the student, 
but will also prove most valuable as a book of 
reference. 

A new and revised edition of Hickinbottom’s 
“Reactions of Organic Compounds” will be generally 
welcomed. It reviews in detail the reactions of all 
the main classes of compounds and gives in an appen- 
dix a scheme for their identification. New material 
has been added, particularly in the sections on 
saturated and unsaturated hydrocarbons, on" organo- 
lithium compounds and on the uses of diazomethane. 
The book is a valuable source of information with 
many preparative details, and it is packed with 
references to the literature. 


APPLIED SURFACE CHEMISTRY 


Surface Chemistry for Industrial Research 


By J. J. Bikerman. Pp. ix + 464. (New York: 
Academic Press, Inc.; London: H. K. Lewis and 
Co., Ltd., 1948.) 8 dollars. 


HE author states in his preface that “This 

volume is an exposition, adapted to Industrial 
Research, of the fundamentals of Surface Science”. 
In fact, it is nothing of the sort; it is an assemblage 
of data of surface phenomena with the fundamentals 
badly scamped. Too frequently also, the author 
introduces a topic with a definite statement and then 
proceeds to cite reservations and evidence against it 
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without afterwards summing up. The reader is left 
confused. 

The book is comprehensive ; it has the conventional 
wbdivision into liquid-gas, liquid-liquid, solid-gas, 
olid-liquid-gas, solid-liquid-liquid, and a final 
chapter on electric surface phenomena. It is extremely 
well and thoroughly documented and the international 
ope of the references is most praiseworthy. Taking 
a chapter at random, out of 284 references, 23 were 
to books, 71 to technical journals and, of the remainder 
to academic publications, 45 were German, 51 
British, 23 Russian, 21 American and the remaining 
50 assorted European. As usual, of course, this 
completeness of bibliography has led to lack of 
eitical assessment and to citing papers which will 
be found to add nothing to accepted statements. 
It has also led to a curious tendency to cite results 
ybtained from rather exotic systems without enough 
data upon simple ones and common substances. To 
give examples, the section of four pages on unimole- 
cular films contains a statement that ‘“‘Since the 
length” (of what, is not stated) ‘does not differ much 
from the length of an ‘oil’ molecule, films of a similar 
or smaller thickness are termed wunimolecular’’. 
This is all the introduction to this important branch 
of surface chemistry that the author gives to the 
industrial worker. No force/area curves are re- 
produced. 

es. 

The section on emulsions is a good example of the 
second chief fault of the book, namely, that of making 
an exact statement and following it by a collection of 
reservations, usually showing noticeable critical 
thought. The diagrams are unusually well designed 
and drawn, but the type used for numerals in the 
text is bad and the ‘2’ is a continuous offence to the 
eye. 

This miscellany should be welcomed by those 
lecturers who like to enliven their teaching with 
references to practical applications and perhaps by 
students wishing to heckle their lecturers. It cannot 
be recommended to anyone else, which is a pity, 
because the book does contain much acute and critical 
thought. 

Compilations of this sort are nothing new; they 
are a sort of crude operational research in technology 
which has been practised for centuries. Another 
recent book in this same field—‘‘Emulsions and 
Foams”, by Berkman and Egloff—is an example of 
work of this character in its extreme form, un- 
adulterated by critical discussion or theoretical 
foundation. Such authors can properly retort, 
especially in the case of emulsions, that there exists 
no such fundamental foundation and that their 
books are a criticism of, and a challenge to, academic 
workers. Here the Irishman’s definition of a net as 
alot of holes tied together with bits of string is apt. 
Fundamental theory and experiment is the string ; 
somewhere in the holes is the practical application ; 
some of the holes are very large ones, especially in a 
science of such recent growth as surface chemistry. 
Applied science cannot alone fill them, and funda- 
mental work must do more to bridge the gaps. Their 
co-operation, however, is not encouraged by publica- 
tion of masses of facts and figures not correlated 
with any organised net-work of knowledge, and not 
capable of being so correlated because they are 
observed without any intention of seeking such 
correlation. 

Books of this sort are an indictment of the failure 
of academic workers to come down from their ‘ivory 
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towers’ and help to clean up the mess ; but they also 
indict the applied worker in industry, often engaged 
as a research worker. There are far more of these in 
industry than there are in the universities ; they are 
able men; they have more time and often better 
facilities for research. Why do they not play a more 
serious part in bridging the gap between pure and 
applied science ? Why is this serious wastage toler- 
ated ? Perhaps because the ‘practical’ man is in 
charge and he says: “cut out the theoretical stuff 
and tell me how it works”. Bikerman’s book will 
appeal to such so-called practical men. 


A. 8. C. LAWRENCE 


THE SCIENCE OF NUTRITION 


Science and Nutrition 
By A. L. Bacharach. Third edition. Pp. xii+142. 
(London: Watts and Co., Ltd., 1947.) 6s. net. 


HE usefulness of this book, and its success, are 

sufficiently well attested by the fact that it has 
now run into its third edition. The scope is well 
indicated by Sir Jack Drummond, who in the preface 
to the first edition published in 1938 wrote that it 
should be read “not only by the intelligent ‘man-in- 
the-street’, whom for no very clear reason one 
assumes to be a layman, but also by the medical 
profession, until quite recently lamentably behind- 
hand in recognizing the significance of experimental 
dietary studies, and perhaps even by the politicians 
who are at the moment very timorously testing the 
strength of ‘nutrition’ as a party plank’’. 

A second edition, thoroughly revised and in many 
parts rewritten, was published in 1944, when the 
author wrote: “The last five years have shown a 
very marked change in the attitude of the public to 
the problems of nutrition. An enlightened Ministry 
of Food of which the effectiveness was no doubt in 
large measure due to its youth and its freedom from 
the trammels of precedent ; to a Minister who not 
only understood human nature, but also appreciated 
the value that science can have for the community ; 
to a scientific adviser—the writer of the Preface to 
this book—whose grasp of practical possibilities 
proved as shrewd as his knowledge of nutritional 
science was wide and flexible, and whose practical 
and scientific services have, since this book was first 
published, been fittingly rewarded by Knighthood 
and the Fellowship of the Royal Society ; last, but 
by no means least, to a Public Relations policy that 
has been as persistent and enthusiastic as it has, 
generally, been honest and intelligent: all these 
factors have helped to make tens of thousands of 
people realize for the first time that eating and 
drinking may be as important in their effects on our 
physical health as a few have always realized them 
to be on our spiritual well-being”’. 

That is very true, and well said; and what is 
equally important now is that the ground gained 
during the War should be extended further, and that 
public opinion should continue to be enlightened. In 
that aim, anyone seeking a balanced and interesting 
introduction to the science of nutrition can be 
recommended unhesitatingly to study this book. 
The new edition contains a number of minor changes 
and corrections and also a brief new allus‘on to folic 
acid, research on which has led to such remarkable 
developments since 1944. 
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CLEANING AND CARE OF THE NATIONAL GALLERY PICTURES 


By W. G. CONSTABLE 
Curator of Paintings, Museum of Fine Arts, Boston, Mass. 


OW that the dust of controversy over the 

cleaning of certain National Gallery pictures 
has to some extent settled, it is possible to judge 
some of its results. The ineptitude of much of the 
criticism should not blind us to its value. Apart 
from witnessing how greatly some of the owners of 
the pictures care about them, both the praise and 
blame meted out to the National Gallery authorities 
have revealed a fundamental confusion of thought 
over the cleaning of pictures—confusion between 
how a painting looks after treatment, and how its 
physical condition has been affected. Whether the 
spectator likes the appearance of a painting is a matter 
of taste, whereas its physical condition is a matter 
of fact; but only too often those who by habit or 
conviction like to see paintings as in a glass darkly 
make reckless charges of removal of original glazes, 
abrasion of surface and so on. That is not to say 
that criticism of appearance is unjustifiable. Pictures 
are meant to be looked at, and when all excrescences 
such as dirt, discoloured varnish and later repaints 
have been removed, a painting does not necessarily 
look as the artist meant it to look. Colours may have 
changed ; there may be breaks in the surface ; cracks 
may have developed ; the pigment layer may have 
become more transparent with time, revealing the 
painter’s earlier intentions or, in the case of paintings 
on a dark ground, causing the tone of whole areas 
to be lowered and so obscuring detail. It therefore 
becomes a problem for those in charge of paintings 
to decide what should be done in such cases; and 
the decision will range from merely ‘in-painting’ 
with a neutral colour the most obvious and dis- 
turbing breaks, to an elaborate tinting out of all 
blemishes and the use of a toned varnish, or retention 
of some of the old, to unify the whole. One thing 
is certain, however, we can never be quite sure how 
the painter intended his work to look; and since 
succeeding generations will have their own opinions 
on the matter, anything added to or left on a painting 
in the interests of appearance should be incapable 
of doing harm, and should be easily and safely 
removable. 

This particular problem, however, was only 
raised by implication during the controversy ; and 
both the National Gallery authorities and the 
Committee of Confidential Inquiry appointed by the 
Trustees have confined themselves to the question 
of the physical condition of the pictures, and how 
it has been affected by cleaning, both recently and 
in the past. The National Gallery presented its 
case in the form of the “Exhibition of Cleaned 
Pictures’’, which was reviewed in an article in Nature 
of October 18, 1947; and what follows is concerned 
only with the Report of the Committee. This 
consisted of Dr. P. Coremans, head of the Central 
Laboratory, Belgian National Museums; Dr. G. L. 
Stout, former head of the Department of Conser- 
vation, Fogg Museum of Art, Harvard University, 
now director of the Worcester Art Museum, Massa- 
chusetts; and Dr. J. R. H. Weaver, president of 
Trinity College, Oxford, who acted as chairman. 
It is difficult to imagine a committee technically 
better equipped, and more independent and judicially 
minded; and the report should become a locus 
classicus on certain aspects of cleaning. Presumably 


for reasons of economy, the report has not been 
published, but mimeographed copies mux) 
consulted at the Victoria and Albert and the liritish 
Museums; an article on the report by Dr. Weaver 
appeared in The Times of May 8. 

The report falls into two main parts. The first 
gives the results of intensive examination of ten 
recently cleaned pictures of diverse types, in: uding 
all those the cleaning of which has been most severely 
criticized, notably Rembrandt’s “Woman Bathing”, 
Rubens’ “Chapeau de Paille”’, and Velazquez’s 
“Philip IV when elderly”. The second part sum. 
marizes the results of this examination, and makes 
a series of recommendations on future practice and 
policy in cleaning, and on general measures for conser. 
vation. In the examination of the ten selected 
pictures, not only were all available records of cleaning 
taken into account, but also the criticisms and 
comments which have been made in the Press, 
The broad result cannot be more succinctly stated 
than in the words of the report. ‘In the ten pictures 
which were examined no damage was found to have 
resulted from the recent cleaning either becarse 
of a partial solution of original paint or because of 
abrasion or rubbing of original paint at the time 
when extraneous materials were removed from it.” 
As regards particular pictures, of the Remrandt 
it is said, “Adverse comments . . . centered on 
alleged damage, during recent cleaning, to the 
proper right wrist and hand. There is no evidence 
to support the view that such damage has occurred” ; 
the conclusion concerning the Rubens’ “Chapeau de 
Paille” is that “the procedure in the cleaning of 
1946 seems to have been sound ; there is no evidence 
of loss at that time or of any substantial deposits 
of extraneous material left on the original paint” ; 
while of the Velazquez it is said, “‘Losses in the paint 
are minor ones and all were present before the 
cleaning began in 1946. Part of the former surface 
coating still remains. There is no evidence of any 
damage from recent treatment.” 

All this is interesting enough in itself and most 
reassuring. But equally interesting are the methods 
by which the conclusions were reached. The Com- 
mittee was presented with a new type of problem. 
Analysis of a painting to ascertain its present 
physical condition, by such means as X-ray, ultra- 
violet light, microscopic and chemical analyses, etc., 
is nowadays standard procedure; but to discover 
what, if anything, had been removed from a painting 


at different periods in its history meant adapting | 


these methods of investigation to new uses, and 
inventing others. A procedure used in every case 
was to test the solubility of the original paint layer 
with various solvents. This varied according to 
whether a resin had been mixed with the oil medium ; 
but in all cases the original paint layer resisted 
much stronger solvents than those recorded to have 
been used in the recent cleaning. Close examination 
of the structure of the paint layer also proved 
valuable. In the “Chapeau de Paille”, for example, 
a greenish-blue paint visible in part of the sky was 
alleged by a critic to have once covered the blue 
of the sky as it now appears; but this greenish-blue 
is now proved to be below the blue, which was 
applied in places to modify it. To estimate whether a 
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yurface had been abraded, comparison with areas 
which could reasonably be regarded as in their 
original state was the standard test. X-ray photo- 
gaphs taken in the past were a means of judging 
whether paint that had been removed was original 
or a later re-paint, notably in the case of the 
Rembrandt ; and ultra-violet light was extensively 
ysed to ascertain whether, in areas alleged to have 
heen damaged, old varnish still remained. Occa- 
sionally, as confirmatory evidence, the material in 
swabs used in cleaning a painting was analysed. 
In one case, at least, zinc white was discovered— 
a pigment unknown at the date of the painting, 
and so an indication that a later re-paint had been 
removed. Rightly, however, the report discounts 
the value of such evidence, owing to the difficulty— 
often impossibility—of distinguishing original pig- 
ment from that used later. 

Though the report thus completely vingicates 
the National Gallery authorities on the main charges 
brought against them, it has also found occasion for 
some mild criticism. One ground for this, which 
may prove disconcerting to those who have assailed 
recent cleaning, is that some pictures, notably the 
Rubens’ “Brazen Serpent”, “Autumn: The Chateau 
de Steen”, and “Peace and War’’, have not been 
cleaned enough, either in the interests of safety or 
of appearance. Old varnish or re-paints left on a 
picture are potential agents in disrupting the original 
surface, and if softened by partial cleaning may 
penetrate deeper into the interstices of the original 
paint, and so increase the difficulty of their removal, 
and their power to do harm; while their effect in 
throwing part of the painting out of tone may be 
considerable. In this connexion, the report brings 
out the difficulty of removing an old varnish or a 
re-paint, if the medium used by the artist contains 
a resin similar to that present in the extraneous 
elements, since the solvents used for removal may 
attack the original pigment leyer. This danger was 
diagnosed by Faraday so long ago as 1853, and 
creates a difficulty in cleaning Constable’s ‘‘Corn- 
field”. In fact, in this picture and Rubens’ 
“Rape of the Sabines’’, while noting the presence 
of extraneous and therefore por-ibly deleterious 
elements, the Committee holds that “special problems 
encountered in the process of cleaning would be 
considered to warrant accepting the present state 
as the best that could practically be reached”. 

Considerations of this kind lead to the more 
general conclusion that “materiais used for cleaning 

. can be considered safe or unsafe only with 
respect to a particular piece of paint’, and that 
“it is not even certain that the same solvent . . . can 
be considered quite safe over the entire area of one 
picture. In any part of a picture, safety is relative 
to other factors, particularly to timing and manipu- 
lation.” This emphasizes how important is full 
diagnosis before a painting is cleaned. X-ray, 
ultra-violet light, infra-red rays, the tintometer, 
analysis of pigment layer and varnish, experimental 
tests in unimportant areas, must all be made and 
their results checked against each other. No one 
man can be expected to apply all these means of 
investigation ; and so the system of modern medical 
practice must be followed, of specialist reports 
being put at the service of the man in charge, the 
cleaner. He, too, should be the centre of another 
set of specialist researches concerned with the 
materials he uses. Much has been discovered about 
solvents and protective coating materials; but 
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much remains to be done in selecting and adapting 
them for use on paintings. In the last resort, 
however, it is the wisdom and skill of the cleaner 
which count. The scientific investigator can give 
him the facts, but he has to interpret them, estimate 
their significance and act upon them. In incom- 
petent hands, any materials can do harm to a painting, 
especially if camouflaged by a little scientific 
knowledge ; and the ideal cleaner adds, to wisdom 
and skill, sensibility and integrity. It is easy to 
produce a result which will fool for a time anyone 
save an expert, but which has either damaged the 
painting or sown the seeds of future trouble. The 
cleaner’s responsibilities, moreover, do not end with 
cleaning. The report emphasizes the necessity of 
full and precise record, not only of diagnosis but also 
of treatment, as an indispensable guide to possible 
future action; and in preparing such a record the 
cleaner must play a leading part. 

Another criticism suggested is the need for greater 
attention to the supports of paintings. It is not 
always sufficiently realized that an oil painting con- 
sists of several layers: the support, usually canvas 
or panel; the ground; the pigment held in a 
medium; and the protective covering. Each of 
these layers is liable to expand, contract or dis- 
integrate on its own account, and thereby affect the 
appearance and condition of the painting; and 
imperfect bonding between the layers may intensify 
the trouble. Cleaning, in the ordinary sense of the 
term, is concerned with the protective coating and 
the pigment layer alone, in the interests of safety 
and of enabling the picture to be seen at what is 
thought to be its best. But properly considered, 
cleaning is only one part of the business of keeping 
every element of a painting in good health. Treat- 
ment of the supports of painting, however, require: 
more investigation and thought than it has hitherto 
received. It is not so long ago, for example, that 
glue was the universally accepted adhesive for 
attaching a new canvas on the back of an old one 
(the process known as ‘lining’); while defective 
panels were always ‘cradled’, that is, secured on the 
back by a series of criss-cross slats. Both methods 
are now known to be at best unsatisfactory, and at 
worst dangerous; but though they are now falling 
into disrepute, no completely satisfactory sub- 
stitutes have yet been found. It is to be hoped, 
therefore, that any campaign to put the supports 
of National Gallery paintings in order will be tenta- 
tive, and based upon experiment and research. 

One step, however, can be taken at once which 
can only have the most salutary results, that of 
controlling temperature and humidity conditions 
in the National Gallery. Experience in the quarry 
at Manod, where the paintings were stored during 
the War, proved how beneficial such control can be ; 
while the disastrous effect of its absence is demon- 
strated by the cracking and warping of ‘he panel 
on which Rubens’ “Autumn : The Chateau de Steen”’ 
is painted, during the hard frost of January 1947. 
Let no one think, however, that air-conditioning is 
a complete answer to the problem of keeping 
pictures in good health. In a publie gallery, the 
public themselves introduce variable elements of 
heat and humidity, which so far no system has been 
able to control. But it will not be the least of the 
services of the Committee of Inquiry to the public, 
if its recommendation that full air-conditioning be 
installed in the National Gallery is accepted and 
speedily implemented by those responsible. 
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OBSERVATIONS OW THE PRODUC- 
TION OF MESONS BY COSMIC 
RADIATION 
By Dr. G. P. S. OCCHIALINI 


AND 
Dr. C. F. POWELL 
H. H. Wills Physical Laboratory, University of Bristol 


N examining photographic plates ‘exposed’ to 

cosmic radiation at a height of about 10,000 ft. 
on the Jungfraujoch and the Pic du Midi, and at 
about 18,000 ft. on Kilimanjaro and Chacaltaya, we 
have now observed twenty nuclear ‘explosions’ which 
are accompanied by the emission of slow mesons. In 
this communication we give a number of photo- 
micrographs of the tracks of these ‘ejected’ mesons. 
An analysis of the observed secondary effects which 
they produce enables us to show that at least the 
majority of them interact with nuclei and are there- 
fore negatively charged; and that on the average 
they produce more vigorous nuclear disintegrations 
than most of the negative mesons which stop in the 
emulsions after being generated outside it. The main 
features of our present knowledge of charged mesons, 
with masses in the interval from 100 m, to 400 me, 
can be accounted for in terms of two types of 
particles of different mass':*, which can be either 
positively or negatively charged, the heavier being 
generated in processes associated with the explosive 
disintegration of nuclei, and decaying spontaneously 
to produce the lighter ones. The possibility is not 


excluded, however, that the phenomena are more 
complicated than has been visualized hitherto. 
In discussing the new material. we employ the 


previous classification of the different types of 
mesons recorded by photographic plates, which is 
based on their observed behaviour at the end of 
their range in the emulsion*. Thus we use the term 
‘s-meson’ for any particle, with a mass intermediate 
between that of a proton and an 
electron, which leads to the dis- 
integration of a nucleus with the 
emissign of one or more heavy 
particles of which we distinguish the 
tracks. Similarly, a ‘x-meson’ is one 
which, at the end of its range, gives 
rise to a secondary meson, of range 
-~ 610 u in the emulsion, the second- 
ary particle being referred to as 
a ‘u-meson’. In addition, it is 
convenient to distinguish, by the 
symbol ‘p’, those mesons which 
enter the emulsion at the surface or 
from the glass of the plate, and 
which give rise to no observed 
seconcary particles. It is certain 
that the different categories of part- 
icles thus defined are not all homo- 
geneous. The p-mesons, for ex- 
ample, must contain a large number 
of both positive and negative part- 
icles ;, and we may also include 
among them some z-mesons of 
which we fail to distinguish the 
track of the associated u-meson. It 
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There are two features, peculiar to the photo. 
graphic method of detecting nuclear particles, whic) 
are of importance for the present experiments, 4 
particle, with a given initial energy, is brought ¢ 
rest in a solid material in a time interval about ty, 
thousand times shorter than the corresponding period 
when it is moving in a gas. A meson, for ey imple, 
with an initial energy of 4 MeV., is stopped in 
photographic emulsion in about 10™ sec., as com. 
pared with 5 x 10° sec. in normal air. It follows 
that it is possible, in principle, to arrest part icles jy 
an emulsion, and to study any secondary effects, 
associated with the emission of heavy charged par. 
ticles, which they produce at the end of their range 
—even although their ‘life-time’ is so short that when 
moving in a gas or a vacuum they would, almost 
certainly, decay ‘in flight’. 

In contrast with this extremely extended ‘timo. 
scale’, the powerful ‘integrating’ property of the 
photographic method—its continuous sensitivity— 
sometimes gives rise to difficulties owing to the chance 
juxtaposition of unrelated events. As an example, 
Fig. 1 shows a mosaic of photomicrographs in which 
the ‘stars’ A and B are joined by a common track +, 
At first sight it might have been concluded that the 
two events are associated, but a closer inspection 
indicates that the two stars represent two separate 
nuclear explosions; and that the particle +, which 
originated in star A, passed by chance near the centre 
of star B. This interpretation depends upon the 
observation that the two portions of the trajectory, 
t, on either side of star B, are precisely in line; 
that there is no significant change in grain density in 
the two portions of the trajectory near star B and 
on either side of it; and that the track does not 
pass precisely through the centre of star B, but at a 
distance of about 2u from it. While events of this 
type are very rare, they emphasize the need for 
caution in interpreting the observations made with 
photographic plates, and the importance of bearing 
in mind the possibilities of confusion due to the 
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Fig. 1. Chance juxtaposition of unrelated events 
The particle, r, emitted from the star A, passes by chance within a distance of 2» of the 
star B. The interpretation depends upon the observation that the two portions of the 
track rt, on each side of B, are precisely in line; and that they show no significant 
difference in grain density 


is nevertheless desirable to retain 
this phenomenological classification 
at the present stage in the de- 
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Fig. 2. Secondary disintegration produced by a particle emitted 
during the explosive disintegration of a nucleus. We assume that 
the particle producing the track d originated in star A, and collided 
with a nucleus at the point B. The track d is too short to allow us 
to establish its direction of motion by observations on the 
distribution of grains in the track. The secondary disintegration, 
B, can be explained in conventional terms if the emitted particle 
isa deuteron or a triton. We cannot assume that the particle d 
s emitted from B and leads to the disintegration A, unless d is a 
particle of charge > 2¢ and with an energy greater than we have 
hitherto encountered 
Observer: Miss P. Dyer Exposure : 


ata 
this 
| for 
with 
ring 
the 


Chacaltaya 








hance juxtaposition of the tracks of unrelated 
particles. 

In addition to such fortuitous events, we have 
now found many examples of secondary effects pro- 
luceed by particles emitted during nuclear explosions. 
These include the elastic collisions of protons, 
leuterons and tritons with the nuclei of hydrogen 
and other elements present in the emulsion. In other 
instances, of which Fig. 2 shows an example, we have 
bserved fast particles, emitted from ‘stars’, which 
produce disintegrations by collisions with nuclei. 
The particle producing the track d in Fig. 2, which 
led to the secondary disintegration B, cannot have 
been a proton; for its velocity, as indicated by the 
grain-density’ in the track, is too low. The dis- 
integration can, however, be explained in conven- 
tional terms, if the particle producing track d is 
assumed to have been a deuteron, or one of greater 
MASS. 

In a previous paper, examples were given of dis- 
integrations produced at the end of their range by 
mesons observed to be ejected during the explosive 
lisintegration of nuclei. Two further events of this 
type are shown in Figs. 3 and 4. In these photo- 
graphs, the characteristics of the tracks of the 
particles producing the secondary disintegrations, S, 
make it certain that they are produced by mesons. 
In both cases, protons are emitted from one or other 
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of the disintegrations which reach the end of their 
range in the emulsion. Their tracks can therefore be 
compared with those of the associated mesons, in 
conditions which are unaffected by ‘fading’. 

In conformity with our classification, we refer to 
such particles as ‘ejected c-mesons’. In other similar 
events, such as those represented in Figs. 5 and 6, 
the ejected particles producing the secondary dis- 
integrations are of short range, but the tracks show 
changes in direction due to scattering, so that we can 
identify the corresponding particles as mesons with 
confidence. 

While the ejected mesons are commonly observed 
to be created in lead to the dis- 
integration of the parent nucleus with the emission 
of several charged particles, the event represented in 
Fig. 7 has different characteristics. The meson 
originates in an interaction which leads to the 
emission of a single heavy charged fragment of short 
In no case have we observed the origin of the 
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Fig. 3. Ejected o-meson 
A meson, ¢, created during the explosive disintegration of a 
nucleus at the point P, reaches the end of its range and produces 
the secondary disintegration at S. Four particles are emitted 
during the secondary disintegration, one of which is a proton. p, 
of nearly the same range as the meson. The mosaic has been 
arranged to facilitate a comparison of the characteristics of the 
two tracks 
Observer: Mrs. W. J. Van der Merwe 


Exposure : Jungfraujoch 











NATURE 





Fig. 4. 
Observation in a plate exposed at sea-level. The tracks are faded, 
and the event probably took place more than a month before the 
development of the plate. We interpret the event as due to the 
emission of a meson, c, from the star P.- The meson reaches the 
end of its range and produces a.disintegration with the emission of 
three particles, of which we can distinguish the tracks. We 
attribute p, and p, to protons, which came to rest in the emulsion 
and of which the tracks can be compared with that of the meson 
Observer: P. H. Fowler Exposure : Bristol (200 ft.) 


Ejected o-meson 


track of a meson in the emulsion, unaccompanied by 
the emission of one or more heavy charged particles. 
In one or two cases where such an event is suggested 
by a casual inspection, closer observation shows that 
the meson has entered the emulsion at a large angle 
of ‘dip’, and has been scattered through a large angle, 
afterwards moving in a plane nearly parallel to the 
surface of the emulsion. As a result, the track 
becomes suddenly more clearly visible after the 
point of scattering. 

Figs. 3-7 are characteristic of seventeen events 
which we attribute to the ejection of c-mesons. In 
addition, we have found three examples of ejected 
mesons which stop in the emulsion without producing 
an observed nuclear disintegration. In determining 
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the frequency of occurrence of these ejected p-mesons, 
we meet the following difficulty. We have noy 
observed more than 10,000 ‘stars’ each of which js 
accompanied by the emission, on the average, of 
several protons. Among such a large number, we 
must expect to find some protons which suffer 
abnormally large deflexions in passing through the 
emulsion, and which might therefore be wrongly 
identified as mesons. On the other hand, by over. 
emphasizing the frequency of occurrence of such 
abnormally scattered protons, we may reject tracks 
which were, in fact, produced by mesons. The 
difficulty is serious only when the particles are of 
short range, so that the additional evidence provided 
by observations on the change of grain-density along 
the track is meagre. Because of these difficulties, 
we cannot be certain that, apart from statistical 
fluctuations, the relative numbers of ejected ¢- and 
o-mesons are accurately represented by the present 
observations. We can say with confidence, however, 
that the number of ejected o-mesons greatly exceeds 
that of the corresponding p-mesons. 


Disintegrations Produced by Ejected o-Mesons 


We have now observed the tracks of more than 
5,000 slow p-mesons and 600 c-mesons, which orig. 
inate outside our emulsions. It is reasonable to 
assume that approximately half the p-mesons have 
a@ negative charge. Assuming that the true pro- 


portion is 40 per cent, a figure which is consistent 
with recent measurements of the charge and the 
mass of cosmic ray mesons by magnetic deflexion 
experiments*, we can determine the relative fre- 
quency with which negative mesons of all types, 





Fig. 5. Ejected o-meson 


The meson originates in the star P, and produces the disintegration 
S from which four charged particles are emitted. The track of 
the meson has a large angle of ‘dip’ in the emulsion, and the 
apparent omg g- ~4 is increased through foreshortening 
Observer: Mrs. G. Cohen Exposure : Kilimanjaro 
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nesons pat the end of their range in our emulsions, lead to 
© now i the production of different numbers of heavy charged 
hich jg fy particles of which we distinguish the tracks. The 
uze, of je result is shown in Fig. 8a. 
er, We We can also determine the corresponding distri- 
stuffer fg bution for those slow mesons which originate in 
ch the (g auclear explosions in the emulsion ; see Fig. 8b. In 
ingly Ig spite of the uncertainty in the true numbers of ejected 
over. fg pmmesons—which lead to no secondary particles of 
f such jm which we distinguish the tracks—and the relatively 
tracks (@ small total number of ejected mesons observed 
The Im hitherto, it is clear from Fig. 8 that there are sub- 
are of stantial differences between the two distributions. 
ovideq In particular, a much greater proportion of the 
along jg ejected ~mesons lead to disintegrations with the 
lties, B emission of heavy particles than is the case with 
istical fm negative mesons which come to the end of their range 
and in the emulsions after being generated at points 
resent @ outside it. Thus, suppose the ejected mesons to be 
wever, jg identical in type with the ordinary negative mesons. 





From the distribution shown in Fig. 8a, it can be 
shown that for every negative meson which produces a 
disintegration with the emission of one or more heavy 
charged particles, there are four which give rise to 
no observed secondary particles. We should there- 
fore expect the observed seventeen ‘ejected’ o-mesons 
to be accompanied by about seventy cases in which 
an ejected meson produces no observed disintegration 
at the end of its range in the emulsion. This number 
is to be compared with the three actually found. We 
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Fig. 6. Ejected o-meson of short range 
We interpret this event as due to the ejection of a o-meson from 
the point P, the particle producing a secondary disintegration 
at the point S. The scattering of the particle producing the 
track is clearly marked, but its direction of motion is ambiguous. 
Our interpretation is based on the large deviation of the track 
hear S, a feature commonly observed with mesons at the extreme 

end of their range 

Observer: Mrs. W. J. Vander Merwe Exposure: Jungfraujoch 
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Fig. 7. In this event, a meson is produced at the point P, and at 
the end of its range it produces a disintegration at the point S 
from which a single proton is emitted. In contrast with the other 
events, the production of the meson appears to be accompanied 
by the emission of a single heavy particle of short range 
Observer: Mrs. B. A. Moore Exposure : Jungfraujoch 


must conclude that the ejected mesons are of a 
different nature from the majority of the negative 
mesons which enter the emulsion from points outside 
it. ‘A similar result follows if the fraction of the 
e-mesons which are assumed to be negatively charged 
is reduced to 20 per cent or lower. 

The results also appear to have a bearing on the 
important question of the atomic capture of mesons 
by atoms. A large proportion of the ejected mesons 
observed in the present experiments must have been 
brought to rest in the gelatine, and have produced 
the disintegration of a light nucleus. In a subsequent 
paragraph we suggest that the ejected mesons are 
heavy particles (300 m,) with a short life-time, 
*~10°* sec. If this is correct, the time which 
elapses before they are captured into a K-orbit must 
be less than this value. A similar result follows, 
presumably, for mesons of mass ~ 200 m,. The 
present results, therefore, give strong support for the 
view that the delayed coincidence experiments can- 
not be explained as due to the time taken by a 
negative meson to reach a K-orbit*. 


Absence of Ejected =-Mesons 

A second striking feature of the observations is 
the absence of any ejected m-mesons, particles which 
recent experiments by Gardner and Lattes* prove to 
be positively charged. We cannot be certain that all 
the ejected mesons we have found are negatively 
charged, for some of the three ejected p-mesons 
might be assumed to be positive. We can be sure, 
however, that most of the ejected mesons, and it is 
reasonable to assume that all of them, are negative. 

We can account for the failure to observe a 
positively charged ejected meson, in the conditions 
of our experiments, in terms of the repulsive -forces 
exerted on such a particle during its escape from the 
parent nucleus ; forces which will ensure that it will 
be emitted with an appreciable kinetic energy. 
Because of the rapid increase of range with energy, 
an increase in speed of emission of a particle will 
greatly decrease the probability of its coming to rest 
in the emulsion and being identified. It is therefore 
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Fig. 8. Relative frequency of the disintegrations produced by 
negative mesons which lead to the emission of different numbers 
of heavy charged particles; (@) mesons entering the emulsion ; 
(0) mesons created in the emulsion 
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reasonable to attribute the marked inequality between 
the observed numbers of ejected positive and negative 
mesons to the particular conditions of our experi- 
ments, and the effect of the nuclear charge. 


Interpretation of the Results 


In accord with previous assumptions, it is possible 
to give an account of the present observations in 
terms of two types of mesons, of mass ~ 320 m, and 
~ 200 me, which can be charged either positively or 
negatively. We assume that the heavy particles have 
a strong interaction with nucleons, and that they are 
produced in processes which commonly lead to the 
explosive disintegration of nuclei. A heavy meson is 
regarded as having a short life-time, so that when it 
is produced in the atmosphere, it usually decays in 
flight to produce a light meson and a neutral particle. 
Further, from measurements of the masses®, it is 
reasonable to assume tentatively that these light part- 
icles are identical with the mesons of the penetrating 
component of the cosmic rays. It then follows, from 
the delayed coincidence experiments’, that the nega- 
tive particles of this type which are brought to rest in 
the gelatine will decay with the emission of an electron, 
and will appear in the present experiments among 
the p-mesons. On the other hand, some of the light 
negative mesons which stop in a silver bromide grain 
may produce disintegrations with the emission of 
heavy particles, and so appear among our o-mesons ; 
otherwise they will contribute to the p-mesons. 

These assumptions allow us to explain the differ- 
ence in the two distributions, shown in Fig. 8; for 
an ejected o-meson is to be regarded as a heavy 
meson which, at the end of its range in solid materials, 
is captured by an atom, afterwards interacting with 
the nucleus, whatever its atomic number, and leading 
to its disintegration. On the other hand, the majority 
of the negative mesons entering the emulsion are 
regarded as light mesons, which, if captured by an 
atom of low atomic number, decay with the emission 
of an electron’; and which, even if captured by one 
of high atomic number, may give rise to no observed 
secondary heavy particles. 
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It may be noticed that the observation tha: a fey 
of the ejected mesons do not produce disintegrations 
with the emission of heavy charged particles 
inconsistent with the view that they are all of mags 
~ 320 m,; for, in some cases, one Or More Nevitrons 
may alone be emitted in the disintegrations they 
produce. On the other hand, we cannot exclude the 
possibility that some of the ejected particles a: igh; 
negative mesons. The evidence strongly suggests, 
however, that the proportion of light particles 
of the type commonly found among the penetrating 
particles of the cosmic radiation, which are pro iuced 
directly in the observed processes, is less than 20) per 
cent. 

The origin of the different types of mesons in the 
cosmic radiation, according to the present assump. 
tions, is shown schematically in Fig. 9. It is assumed 
that the ‘primary radiation’, possibly neutrons and 
protons, in collisions with nuclei, gives rise to the 
emission of both positive and negative particles of 
mass ~ 300 me, x* and x~. When formed in the high 
atmosphere, these particles decay in flight to produce 
particles, u* and u~, of mass ~ 200 m,, and a neutral 
particle v°. The indicated decay of this neutral 
particle into two photons’ is speculative. Those of 
the u-particles formed by decay in flight can stop in the 
emulsion either in the gelatine O, or in a silver brom. 
ide grain @. The positive particles, u.*, are assumed 
to decay with the emission of an electron and 4 
neutral particle, both of which are unobserved in the 
emulsion. It is further assumed that the u.~-particles, 
when stopped in gelatine, also decay with the emis. 
sion of a negative electron. These particles, ».* and 
u-, together constitute the majority of the p-mesons. 
Some of the yu--particles which stop in a silver 
bromide grain may possibly produce disintegrat ions 
with the emission of heavy particles. Im this case 
they will appear in our experiments among the 
o-mesons. 

When the primary radiation interacts with the 
nuclei of matter in the immediate neighbourhood 
of the plate, the =+- and x~-particles, if ejected 
with a suitable kinetic energy, can stop in the 
emulsion. The x~-particles then interact with 
either light or heavy nuclei to produce nuclear dis- 
integrations; they thus contribute at least the 
majority of the o-mesons. The =*-particles come to 
the end of their range and suffer u-decay ; they thus 
appear as our m-mesons. Finally, if the collision of 
the primary radiation with a nucleus occurs in the 
emulsion, we sometimes observe the ejection of a 
m=~-particle. In accord with the present assumptions, 
we also postulate that =*-particles are sometimes 
emitted in such explosions, but that they commonly 
escape detection because of their higher energy of 
emission. 

In accordance with the relationships suggested in 
this scheme, we should expect to observe approxi- 
mately equal numbers of c- and z-mesons. Recent 
experiments have enabled us to increase the accuracy 
of the determination of the relative frequency of 
occurrence of the two types, and we have obtained 
the value No/Nx = 1-05 + 0°25. 

In spite of the qualitative agreement between the 
new experimental results and the present assump- 
tions, it is clear that the latter must be accepted, at 
present, with reserve. Prof. Klein* has raised the 
question, for example, as to whether the heavy 
negative mesons, which produce disintegrations and 
which are produced artificially, are, in fact, the 
negative counterparts of the positively charged 
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m-mesons. While the approximate equality in the 
numbers of c- and x-mesons observed in the cosmic 
radiation, and the determinations of their masses, 
give strong support to the assumption that they are 
particles of the same type, it cannot be regarded as 
finally established. Secondly, the limits of error in 
the determination of the masses of the individual 
cosmic-ray mesons are such that we cannot yet 
exclude the possibility that most of the p-mesons are 
a mixture of different types, of different mass. Both 
these points of uncertainty will presumably be 
clarified when more accurate determinations of the 
mass of the different classes of particles have been 
made. 

In view of the above reservations, and of the 
possibility that the ejected oc-mesons are composed 
of particles of different types, we may summarize 
the results of the present experiments in the following 
general terms. The mesons which we observe to be 
produced also have a high probability, when re- 
duced to low velocities, of producing nuclear dis- 
integrations of both light and heavy elements, with 


the emission of heavy particles. Their behaviour is 
therefore consistent, in both respects, with the view 
that they have a strong interaction with nucleons. 

We are indebted to Dr. Franzinetti and Dr. 8. 
Rosenblum for some preliminary information on the 
sign of the charge of p-mesons obtained in magnetic 
deflexion experiments ; to Dr. H. Fréhlich and Mr. 
P. H. Fowler for discussions on the relative numbers 
of ejected c- and m-mesons; and to Mr. A. G. Meek 
for organising a safari for the ascents of Kilimanjaro 
to obtain the exposures at 16,000 ft. 
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NEWS and VIEWS 


Hope Professorship of Zoology at Oxford : 
Prof. G. D. Hale Carpenter, M.B.E. 


THE best wishes of scientific men everywhere go 
to Prof. G. D. Hale Carpenter on the occasion of his 
retirement from the Hope professorship of zoology at 
Oxford. He has occupied this chair since 1933 when 
he succeeded the late Sir Edward Poulton. After 
taking his degree in the honours school of natural 
science at Oxford, Prof. Carpenter gained a scholar- 
ship at St. George’s Hospital Medical School, London. 
There he completed the usual medical courses, and 
obtained the certificate with distinction of the London 
School of Tropical Medicine. Thus qualified, he 
joined the Colonial Medical Service in 1910 and was 
appointed in the same year to the Royal Society’s 
Sleeping Sickness Commission in Uganda. In the 
First World War he served in the East African 
Campaign during the years 1914-18. Afterwards he 
was made specialist officer for the control of sleeping 
sickness in Uganda from 1920 until 1930 and, in the 
following year, he retired from the Colonial Service. 

Settling in Oxford amid highly congenial sur- 
roundings, Prof. Carpenter identified himself with the 
aims of the Hope Department, and it must have 
been a source of gratification to him when he followed 
in the footsteps of the great protagonist of Darwinism 
only two years later. All through his African career 
he was an ardent field naturalist. His duties in con- 
nexion with tsetse-fly problems took him constantly 
into the field. Many of his experiences and observa- 
tions are embodied in his two books “A Naturalist 
on Lake Victoria” (1920) and ““A Naturalist in East 
Africa”’ (1925). While at Oxford he has established 
a teaching course in entomology and published in 
collaboration with E. B. Ford a handbook on 
““Mimicry”’ in Methuen’s Biological Series. This latter 
book embodies much of Carpenter’s original work 
and notably his field observations on mimetic 
Lepidoptera and their enemies. In this way he has 
replied to the many critics of the mimicry theory 
who, as often as not, had no such first-hand inform- 
ation with which to support their contentions. 
During his tenure of the Hope professorship, in 
addition to his writings on Lepidoptera, he has 
developed the scientific value of the associated 
collections along sound lines. In particular, pre- 
daceous insects and their prey and the evidence of 
bird attacks on Lepidoptera deserve special mention. 
Prof. ter has served as president of the Royal 
Entomological Society of London (1945-46), and as a 
vice-president of the Linnean Society. 


Dr. G. C. Varley 


Dr. G. C. Vartey, who has been appointed to the 
Hope professorship of zoology at Oxford, was 
educated at Manchester Grammar School and went 
up to Cambridge with a major open scholarship in 
natural science at Sidney Sussex College in 1929. He 
obtained a first class in both parts of the Natural 
Sciences Tripos and was awarded the Frank Smart 
Prize for zoology in 1933. In the same year he was 
appointed to a research studentship at Sidney Sussex 
College and became superintendent of the Entomo- 
logical Field Station. During 1935-38 he was a 
research fellow of his College and in the latter year 
he obtained the degree of Ph.D. for a thesis on “The 
Natural Control of the Knap-weed Gallfly”. In 1938 
he was appointed to a University demonstratorship 
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and became curator of insects in the University 
Museum of Zoology at Cambridge. During the carly 
part of the War, he,was engaged in research on wire. 
worm control, and in 1941 he joined the Army 
Operational Research Group of the Ministry of 
Supply. Here he did distinguished work on the 
application of radar to coast defence and was pro. 
moted to the rank of senior experimental ofticer. 
After the end of the War, in 1945, he was appointed 
to the readership in entomology in the Department 
of Zoology at King’s College, Newcastle-on-Tyne. 
Dr. Varley’s main interests lie in the field of population 
studies with particular reference to insects, and he 
has a wide knowledge of the whole field of ecology. 
He is a first-class naturalist and a man who has 
exceptional powers for interesting his students in all 
branches of his subject. His new appointment will 
give him the opportunity of developing to the full 
his chosen field of work at @ university which has 
already made such important contributions to the 
study of animal ecology. 


Paris Academy of Sciences : 
Prof. Robert Courrier 


Txe Paris Academy of Sciences has two ‘secrétaires 
perpétuels’: Prince Louis de Broglie, and very 
recently, Prof. Robert Courrier, who was elected in 
May in succession to the late Prof. Alfred Lacroix. 
Prof. Courrier, who was born in 1895, began his 
medical studies at Nancy, but they were interrupted 
by the First World War. On demobilization in 1919, 
he went to Strasbourg to work in the laboratory of 
the well-known endocrinologist, Prof. P. Bouin. He 
was appointed a professor in the Faculty of Medicine 
at Algiers in 1926, and went to Paris in 1938, where 
he has since held a chair in the Collége de France. 
He was elected to the Academy of Medicine in 1941, 
and to the Academy of Sciences in 1944. 

Prof. Courrier’s work has been on the glands of 
internal secretion. One of his first investigations 
concerned the thyroid, when he showed that one can 
inhibit this gland by massive doses of the thyroid 
hormone. He produced important evidence in sup- 
port of the theory of Prof. Bouin, on the elaboration 
of the male hormone by the interstitial tissue of the 
testicle. He played a large part in the early researches 
on the female sex hormones ; he found in the human 
female the follicular hormone which Allen and Doisy 
had just discovered in the sow ; he found this hormone 
outside the ovary, and in particular in the amniotic 
liquid, and he remarked that it could pass through 
the placenta and the mammary gland, and powerfully 
affect the foetus and the newly born. He demon- 
strated the hormonal dualism of the ovary, at a time 
when leading workers held the view that only one 
hormone was secreted. With his pupils he has studied 
for a long time the functional relations connecting 
the two ovarian hormones, and he has made a de- 
tailed analysis of the endocrinology of gestation, 
which he has described in a recently published book. 


Mathematics at University a 
Mr. D. 


Bangor: 
E. Littlewood 


Mr. D. E. Lrrrtewoop, whose appointment to the 
chair of mathematics at the University College of 
North Wales, Bangor, in succession to Prof. T. G. 
Cowling, has recently been announced, is well known 


as an algebraist. His best-known work is concerned 
with the theory of group characters, a branch of 
algebra which has been extensively developed in the 
last fifty years and which has an unusually wide 
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application to fields as diverse as the algebraic theory 
of invariants and modern quantum mechanics. 
Littlewood’s work is in the direct line of tradition 
associated with the names of Frobenius, Alfred 
Young, and Schur; and his book, “The Theory of 
Group Characters” published in 1940, is a standard 
work on the subject. In recent papers, Littlewood 
has developed a calculus of a class of symmetric 
functions known as Schur functions which have 
recently been shown to have extensive applications 
in invariant theory. 


Promethium, the New Name for Element 6! 


Ar a symposium held by the American Chemical 
Society at Syracuse University on June 30, J. A. 
Marinsky and L. E. Glendenin, who during the War 
had succeeded in separating element 61 from the other 
uranium fission products, proposed to christen this 
element ‘promethium’, They explained their choice 
by @ reference to Prometheus, ‘“‘who stole fire from 
heaven for the use of mankind and for his audacity 
was chained to a mountain by the gods and set upon 
by vultures. This name not only symbolizes the 
dramatic way in which the element may be produced 
in quantity as a result of man’s harnessing of the 
energy of nuclear fission, but also warns man of the 
impending danger of punishment by the vulture of 
war.’ In a review published some eighteen months 
ago (Nature, 159, 8; 1947) the conclusion was 
veached that Prof. C. D. Coryell’s group, to which 
Marinsky and Glendenin belong, had the strongest 
claim to the discovery of element 61 and was entitled 
to give it a name. Some may perhaps think the 
present proposal a little far-fetched, since there are 
more impressive effects of atomic energy known than 
the production of small quantities of a new rare 
earth, and classical students may take exception to 
the vultures—since Prometheus’ quarrel was with 
Zeus, the bird sent by his antagonist to torture him 
was, naturally, an eagle; but the etymology of this 
new name will soon be of as little importance as that 
of dozens of other element names which are much less 
appropriate. There are still the rival claims for 
‘illinium’ and, more recently, for ‘cyclonium’ (see 
Chemical and Engineering News, 25, 2555 ; 1947), and 
it is, therefore, too early to say whether the chemists 
of Coryell’s group will be generally recognized as the 
discoverers of element 61; but their brilliant work 
seems to merit this international recognition, and 
there is a great likelihood that promethium (symbol 
Pm) will take its permanent place in the table of the 
chemical elements. 


Commonwealth Plant Breeders’ Meeting 


An informal meeting of Commonwealth plant 
breeders was held at the School of Agriculture, 
Cambridge, during June 24-25. Representatives from 
Australia, Canada, England, Malaya, New Zealand, 
Northern Ireland, Scotland, Sierra Leone, South 
Africa, Sudan, Tanganyika and Wales were present ; 
Dr. P. 8S. Hudson, director of the Commonwealth 
Bureau of Plant Breeding and Genetics, acted as 
chairman. The proceedings of the meeting included 
& review by Dr. P. 8. Hudson and Mr. R. H. Richens 
of the work of the Commonwealth Bureau of Plant 
Breeding and Genetics since the last similar meeting, 
short reports by the delegates of the principal lines 
along which plant breeding is developing in the various 
Commonwealth countries, and an account by Dr. P. 8. 
Hudson of the results of the meeting held at Wash- 
ington last April, between the Food and Agriculture 
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Organisation, the Commonwealth Agricultural Bur- 
eaux, the U.S. Department of Agriculture and other 
bodies, on genetic stocks. Among the resolutions 
passed at the meeting, several deprecated any 
reduction in the number or length of the abstracts 
appearing in Plant Breeding Abstracts, the periodical 
published by the Commonwealth Bureau of Plant 
Breeding and Genetics; support was given to a 
proposal to institute a standing inquiry service 
whereby plant breeders should be sent details at 
regular intervals of all published articles bearing on 
their own field of research; and suggestions were 
made to provide for an efficient service for the main- 
tenance of genetic stocks of crop plants. The 
proceedings of the meeting will be circulated to the 
delegates and to other interested bodies. 


Olympic Torches 


Tue Organising Committee of the XIVth Olympiad 
approached the Department of Scientific and Indus- 
trial Research in 1946 for assistance and advice on the 
design of a torch to be carried by relays of runners 
across Europe from the plain of Olympia to Wembley 
Stadium in London, and on the most suitable fuel. 
This problem was undertaken by the Fuel Research 
Station, and the actual investigation was carried out 
by Dr. L. R. B. Shackleton. After many trials, it was 
decided that the most suitable fuel was hexamine in 
the form of tablets. Hexamine gives a non-luminous 
flame, and to make the flame visible in all weathers 
6 per cent of naphthalene was added. The fuel was 
manufactured by Promedico Products, Ltd., 22, 
Turle Road, London, N.4. Prototype torches made at 
the Fuel Research Station were tried out by runners, 
first from the South London’ Harriers and, after 
certain modifications in design, by officers from the 
Royal Naval College, Greenwich. In the final design 
of the torch, seven tablets are enclosed in a perforated 
metal cylinder with an inner sleeve concealing the 
lower three tablets. As the upper tablets burn away, 
the lower reserves are forced up into the burning zone 
by a spring. In order to facilitate lighting, the 
Wessex Aircraft Engineering Co., Ltd., Salisbury, 
provided a tablet of nitrate composition which was 
introduced on top of the fuel pack. A quick-match, 
provided for ignition, protruded through the per- 
forated container. One or two final refinements were 
introduced at the concluding stages to safeguard the 
effectiveness of the torches during transport to the 
various countries through which the relay runners 
had to pass. The fuel tablets were totally enclosed in 
@ nitro-cellulose cover provided by Cascelloid, Ltd., 
High Holborn, London. This cover burned imme- 
diately on ignition, leaving no carbon residue. The 
perforated metal fuel container was also capped and 
sealed with adhesive tape. Both of these precautions 
were considered necessary to preserve the fuel and to 
avoid any risks of accidental ignition. 


Museum of the History of Science, Oxford 


Sruvce 1940 the Museum of the History of Science, 
Oxford, has been making inquiries as to the where- 
abouts of a number of valuable and irreplaceable 
objects which had been stored at the beginning of the 
War by the late curator of the Museum, Dr. R. T. 


Gunther. These included the oldest dated instrument 
in the world, an astrolabe dated a.p. 984, the astro- 
labes of Queen Elizabeth and Archbishop Laud, the 
sundial made by Nicolaus Kratzer for Cardinal 
Wolsey, and many other treasures. Dr. Gunther died 
without revealing the place where he had stored these 
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valuables. They have now been found in the stone- 
vaulted basement of the Museum, packed in three 
cases which were labelled as containing various 
astronomical instruments of the late eighteenth 
century and mixed with.a number of cases actually 
containing such instruments. By this means, it is 
conjectured, Dr. Gunther had intended not only to 
protect them from air attack but also from the 
searches of a possible invader. It is hoped that the 
Museum will open next October, when these treasures 
will be displayed once more to public view. 


Use of Selenium for Pest Control 


INVESTIGATIONS have shown that selenium salts, 
among other substances applied to the soil, are taken 
up by plants and will make the plants so treated 
poisonous to certain pests that attack them. Selenium 
compounds, such as sodium selenate, have lately been 
tried by a few growers for the control of chrysanthe- 
mum eelworm and some other pests of flower crops. 
This is dangerous because selenium compounds are 
poisons to man ; moreover, they may persist for long 
periods in the soil, and if food crops are grown later 
in treated soil the plants may take up the poison in 
sufficient amount to make them injurious to health 
ifeaten. For the present, neither sodium selenate nor 
any selenium compound should in any circumstances 
be used for pest control purposes. The Ministry of 
Agriculture and Fisheries understands that no pro- 
prietary insecticide containing selenium is manufac- 
tured in Great Britain. 


Astronomical Instruments 


Sm Howarp Gruss, Parsons anp Co. have 
issued a catalogue of some of the astronomical equip- 
ment designed and manufactured by the Company. 
The photographs and illustrations are arranged in 
sections as follows: reflectors, refractors, domes, 
driving mechanism, breechpieces, transits, coelostats, 
objectives and mirrors, and also “In the Workshops”. 
The illustrations do not represent in every detail the 
latest design practice because advances in engineering 
technique during the War are now applicable in 
some cases to the design of astronomical equipment. 
At the end of the book there is a list of the large 
telescopes—twelve altogether—manufactured by the 
Company between 1927 and 1947. 


The Night Sky in August 


NEW moon occurs on Aug. 5d. 04h. 13m., v.T., and 
full moon on Aug. 19d. 17h. 32m. The following 
conjunctions with the moon take place: Aug. 2d. 
O7h., Venus 9° S.; Aug. 9d. 05h., Mars 2° S.; Aug 
id4d. 04h., Jupiter 4° N. ; Aug. 31d. 03h., Venus 8° S. 
Mercury, which rises an hour before the sun on 
Aug. 1, is in superior conjunction on Aug. 11, and is 
badly placed for observation during the greater 
portion of the month. Venus rises at lh. 40m., lh. 
20m. and lh. 15m. at the beginning, middle and end 
of the month, respectively, and can be seen for some 
hours before sunrise. The stellar magnitude of the 
planet is about —4-2 throughout August, and the 
visible portion of the illuminated disk varies from 
0-3 to 0-47. Mars sets at 21h. 38m., 20h. 55m. and 
20h. 10m. at the beginning, middle and end of the 
month, respectively, and can be seen for a short 
time after sunset. Jupiter, in the constellation of 
Ophiuchus, can be seen low in the evening, setting 
at Oh. 25m. and 22h. 30m. on Aug. 1 and 31, re- 
spectively. The planet is stationary on Aug. 16. 
Saturn, in conjunction with the sun on Aug. 19, is 
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not well placed for observation. On Aug. 31 the 
planet rises an hour before the sun but is practically 
unobservable. No occultations of stars brighter than 
mag. 6 occur during August. The Perseid meteors 
attain a maximum about Aug. 10-12, but moonlight 
will partly interfere with the observation of the 
shower at that time. 


Announcements 


WE regret to announce the death of Sir Clifford 
Paterson, O.B.E., F.R.S., director of the Research 
Laboratories of the General Electric Co., Ltd., which 
occurred on July 26. 


Pror. Raout ComBeEs, professor of plant biology 
in the University of Paris, has been elected to the 
Section of Botany of the Paris Academy of Sciences, 
in succession to the late Prof. P. A. Dangeard. 


In commemoration of the centenary of the birth of 
Baron Roland von Eétvés (see Nature, July 24, 
p. 135), a small collection illustrating his work has 
been arranged at the Science Museum, London. It 
will remain on view until September. 


THe Managers of the Royal Institution have 
appointed Dr. D. P. Riley, University demonstrator 
in the Department of Mineralogy and Petrology, 
Cambridge, to the Dewar Research Fellowship, 
tenable in the Davy Faraday Laboratory of the 
Royal Institution. Dr. Riley will undertake a pro- 
gramme of research on the application of methods 
of X-ray diffraction analysis to the study of the 
structure of colloidal systems and biological material. 


Part of the exhibition of photographs demonstrat- 
ing the value of air photography to archeology 
recently held in London (Nature, July 17, p. 96) has 
been transferred to the Ashmolean Museum, Oxford, 
for the period August 2-September 4. 


A symposium on the “Chemistry, Metabolism and 
Biological Effects of Steroid Hormones’’ will be held 
in the University of Wisconsin, during September 6- 
8, under the auspices of the University of Wisconsin 
and the U.S. National Research Council Committee 
on Growth, acting for the American Cancer Society. 
Among the topics to be discussed are : clinical use of 
steroids in gynecology; growth and fattening of 
animals; metabolism and excretion of steroids ; 
relation of structure to function of steroids ; lactation 
and reproduction in animals; clinical and experi- 
mental work on cancer; metabolism of convales- 
cence ; sex differentiation and steroids. The sym- 
posium will be open to the public. Further particulars 
can be obtained from Dr. Edgar S. Gordon, chairman 
Symposium Committee, University of Wisconsin. 


Tue Science Co-operation Office in Cairo of the 
United Nations Educational, Scientific and Cultural 
Organisation has compiled a very useful list of 
scientific papers published in the Middle East and 
received by the Office up to March 1, 1948. The 
papers are classified under mathematics, mechanics 
and physics, chemistry, geology and geophysics, 


botany, zoology, medical sciences, engineering, 
agriculture and psychology, and there are single 
entries under paleontology and biology. Most of 
the entries are under zoology, medical sciences, agri- 
culture and psychology. A list of periodicals re- 
viewed includes particulars of frequency, price and 
the name and address of the publisher, the periodicals 
being arranged by countries. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 


No notice is taken of anonymous communications 


Synthesis of Vomipyrine 


AN outstanding result of Wieland’s long series of 
investigations of vomicine was the degradation of 
the alkaloid to a base, C,,H,,.N,, termed vomi- 
pyrine’. This afforded yellow salts, and the spectro- 
chemical behaviour clearly indicated its constitution 
as an alkylated pyrroquinoline, C,,H,N; - C,H,, 
although the position of fusion of the rings and the 
position and distribution of the alkyl group or 
groups (2Et, Me, Pr, Bu, etc.) was unknown. Guesses 
based on the earlier strychnine formule were dis- 
proved by synthesis*. 

Even with the strychnine formula (I) now con- 
sidered to be established beyond doubt* there 
remained some ambiguity. Our first idea was that 
vomipyrine should be 5-isobutyl-7 : 8-pyrroquinoline‘ ; 
but a few months ago, Prof. H. Wieland kindly 
informed ys that vomipyrine contained a methy!l- 
imino-group. This modified our view and the base 
was then thought to be Ind-N-methyl-5-propy!-7 : 8- 
pyrroquinoline or Ind-N-methyl-5-tsopropyl-7 : 8- 
pytroquinoline (II). There was little evidence to 
enable a choice to be made between these, or, what 
is the same thing, to locate the carbon atom which is 
extruded from the skeleton. 

However, a carbon atom had been lost once before, 
namely, in the distillation of the products of re- 
duction of methylstrychninium salts. In this case 
the conclusion was reached that a carbon atom 
attached to oxygen had been eliminated’. Therefore, 
the constitution with an isopropyl group was favoured 
for vomipyrine. 


CH, ena ——_—————_CH, 


C,H.— io CH ee 
;] | sen hediaisenes 
N———CH CH, bu, 
i ee 
a—cH—| OcH, |__CH 


The dotted lines in (I) indicate the fissions assumed 
to occur; the N-methyl! group of (II) is not present 
in (I) but occurs in the related vomicine structure*. 

We therefore decided to synthesize a base of the 
constitution (II), and in the first place studied 
methods for the preparation of the hitherto unknown 
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7: 8-pyrroquinoline itself. An application of the 
modifie! Skraup reaction’ to 6-nitro-o-toluidine 
afforded 7-nitro-8-methylquinoline, m.p. 134—134-5°, 
and this, by reduction and formulation, was con- 
verted into 7-formamino-8-methylquinoline, m.p. 
157°. Cyclo-dehydration to 7 : 8-pyrroquinoline, 
m.p. 216—217°, occurred on heating with potassium 
t-butoxide, although the yield was small. Treatment 
of this base with potassamide in liquid ammonia, 
followed by methyl! iodide, yielded Ind-N-methyl- 
7 : 8-pyrroquinoline, m.p. 112°. The salts of the two 
tricyclic bases were yellow and the absorption spectra 
of the bases were like those of vomipyrine and other 
pyrroquinolines. 

The way was thus open to an unambiguous syn- 
thesis of (II). p-Cymene was dinitrated* and reduced 
to 6-nitro-2-amino-p-cymene. The Bradford, Elliott 
and Rowe technique’ was used in the preparation of 
7-nitro-8-methyl]-5-isopropylquinoline, m.p. 88°. This 
was reduced to the amine, m.p. 109°, which was 
formylated (m.p. 123°) and cyclo-dehydrated as above 
to 5-isopropyl-7 : 8-pyrroquinoline, m.p. 182-183° 
(hydrochloride, sinters at 222°, liquid at 226°; 
Wieland’s base, C,,H,,N:;, obtained as a by-product 
in the formation of vomipyrine, was an oil; hydro- 
chloride, sintered at 220°, m.p. 240°). The potass- 
amide —liquid ammonia —methyl iodide method then 
gave the desired Ind-N-methyl-5-iso-propyl-7 : 8- 
pytroquinoline (II), m.p. 108-108-5°. The base 
crystallized from light petroleum (b.p. 60—80°) in 
flat, rectangular, colourless plates, but two opposite 
angles were usually truncated, giving a six-sided out- 
line. The ultra-violet absorption in methanol showed 
maxima at 2660 A. (log ¢, 4-17) and 3380 A. (log «, 
3-75). There is a slight discrepancy here since Wieland 
and Horner® give for vomipyrine maxima at 2677 A. 
(log ¢, 4-4) and 3347 A. (log ¢, 3-8); the possible 
error indicated was, however, + 20 A. 

All doubt was dispelled when Prof. Wieland kindly 
furnished us with a small specimen of authentic 
vomipyrine. We are very grateful to him for this 
collaboration. This specimen crystallized from light 
petroleum in the characteristic six-sided plates and 
had m.p. 106-5-107-5° after drying at 50°/20 mm. 
Mixed with our synthetic base, the melting point 
was 108-5° after sintering at 107°. 

Crystallographic, including X-ray, comparisons of 
the two specimens showed complete identity, and we 
are greatly obliged to Mrs. D. Hodgkin for kindly 
undertaking this work. 

The bases fluoresced identically blue-violet in 
ethereal solution and gave identical (characteristic) 
Hopkins —(Cole and pine-splinter reactions. 

The importance of vomipyrine, always great, was 
enhanced by the recent demonstration of the relation 
of vomicine to strychnine*. It was then pointed out 
that vomicine chemistry had acquired a direct bear- 
ing on the strychnine problem. Although it is true 
that the constitution of strychnine is already estab- 
lished, the proof is a long one and, though rigid, it 
demands a close and critical study of a most complex 
branch of structural chemistry. The synthesis of 
vomipyrine facilitates a more direct approach. It 
confirms the constitution (I) in regard to those 
features that have been regarded by some authors 
as most open to criticism. 

It is worthy of note that degradation products, 
which have been synthesized, cover the entire carbon 
and nitrogen skeleton and all the rings except that 
which includes the cyclic ether group. These pro- 
ducts are dinitrostrychol, tryptamine, .carbazole, 
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vomipyrine and 8-collidine. There is sufficient over- 
lap to fix the positions of fusion of the rings. 
R. Rospryson 
A. M. STEPHEN 
Dyson Perrins Laboratory, 
University, Oxford. 
July 7. 
‘ Wieland, H., and Horner, L., Annalen, 528, 73 (1937). 
* Horner, L., Annalen, 540, 73 (1939); cf. ref. 9. 


* Robinson, R., Experientia, 2, 28 (1946). Openshaw, H. T., and 
Chakravarti, R. N., 


Robinson, R., Nature, 157, 438 (1946). 
and Robinson, R., Nature, 160, 18 (1947). 

* Pausacker, K. H., and Robinson, R., J. Chem. Soc. (in the press, 
1948). 

. ree H., Robinson, R., and Smith, J. C., J. Chem. Soc., 1239 
(1932). 

* Bailey, A. 5., and Robinson, R., Nature, 161, 433 (1948). 

’ Bradford, L., Elliott, T. J., and Rowe, F. M., J. Chem. Soc., 437 
(1947). 

* Kyker, G. C., and Bost, R. W., J. Amer. Chem. Soc., 61, 2469 (1939) 

* Wieland, H., and Horner, L., Annalen, 536, 89 (1938) ; cf. ref. 2. 


Structure of Dunnione 


THe investigation of dunnione and its transforma- 
tion products by Price and Robinson’ did not 
completely establish the structures of these com- 
pounds. The work was interrupted by the War; but 
Dr. Price has recently suggested that the further 
examination of these substances be included in a 
programme of research on quinones which is pro- 
ceeding in this Laboratory. As closely related work 
is being done in the United States, it seems desirable 
to give a brief preliminary report of the scope of 
the present investigations, and of the results already 
obtained. 

The structures previously assigned to dunnione and 
the iso-dunniones have been confirmed by the syn- 
thesis of dl-dunnione and §-iso-dunnione. Claisen 
rearrangement of 2-yy-dimethylallyloxy-1 : 4-naphtha- 
quinone gives rise to two products: the normal re- 
arrangement product, 2-hydroxy-3-aa-dimethylallyl- 
1 : 4-naphthaquinone (m.p. 70—71°), and the abnormal 
product, 2-hydroxy-3-«8-dimethylallyl-1 : 4-naphtha- 
quinone. The latter compound proved to be identical 
with the iso-dunniol of Price and Robinson (loc. cit.), 
and by ring closure with sulphuric acid it is converted 
to «$§$-trimethyldihydrofurano-1 : 2-naphthaquinone 
identical with the §-iso-dunnione derived from 
natural dunnione. Similarly, ring closure of the 
normal ment product gives «a$-trimethyl- 
dihydrofurano-1 : 2-naphthaquinone (m.p. 93-—94°), 
which is evidently the racemic modification of 
dunnione. Its melting point is not depressed by 
mixing with the natural dextrorotatory pigment 
(m.p. 98-99°), and on treatment with cold alkali it is 
gradually converted to two products, which are 
evidently dl-«-dunnione (m.p. 110—111°) and dl-allo- 
dunnione (m.p. 141—142°). The first of these gives 
8-iso-dunnione on heating with sulphuric acid, and 
the second shows the characteristic absorption 
spectrum previously recorded? for the dextrorotatory 
allo-dunnione derived from natural dunnione. 

It is noteworthy that the normal Claisen rearrange- 
ment of the yy-disubstituted allyl ether was accom- 
plished simply by boiling an alcoholic solution under 
reflux for a few hours. The yield was 93 per cent. 
When the ether was heated for a few minutes, without 
solvent, at a temperature slightly above its melting 
point, the main product was that resulting from 
abnormal rearrangement. 

The structure of §-iso-dunnione has also been 
proved by an indep2ndent synthesis starting from 
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2-hydroxy-3-Syy-trimethylallyl-1 : 4-naphthaquinone 
(m.p. 169-170°). 

With the structures of these compounds thus 
established, it seems evident that the change from 
the dunnione to the iso-dunnione structure is simply 
a somewhat unusual example of the Wagner—Meerweip 
type of rearrangement. 

Furthermore, it seems probable that the rearrange. 
ment of dunnione to allo-dunnione involves a reaction 
characteristic of 2-hydroxynaphthaquinones having 
a tertiary alkyl group in the quinone ring. Thi 
hypothesis is supported by the observation tha; 
2-hydroxy - 3 -«a-dimethylallyl-1 : 4-naphthaquinone 
undergoes a similar reaction when heated with 
aqueous alkali, giving a product (m.p. 148-—149° 
which dissolves in aqueous sodium bicarbonate to 
give a yellow solution. An analogous product js 
obtained by the action of alkali on 2-hydroxy-3-z28. 
trimethylallyl-1 : 4-naphthaquinone (m.p. 81-82°). 

Full details of this work will be published elsewhere, 

R. G. Cooke 
Organic Chemistry Laboratory, 
University of Melbourne. 
April 2. 
* Price and Robinson, J. Chem. Soe., 1522 (1939); 1493 (1940). 
* Cooke, Macbeth and Winzor, J. Chem. Soc., 878 (1939). 


A Natural Precursor of the Folic 
Acid Complex 


RECENTLY Elvehjem and his co-workers' have 
demonstrated the presence, in rat liver homogenates, 
of a natural precursor capable of conversion by 
enzymes also present in liver to material having folic 
acid activity. They base the use of the term ‘folic 


acid’ on the fact that there is no evidence that the § , 


material produced is identical with pteroylglutamic 
acid. The same considerations apply to its” use in 
the present communication. 

Following observations made son.e time ago* that 
similar activity can be produced chemically by the 
interaction of histidine with certain components of 
an acid hydrolysate of casein, I have indicated® that 
this amino-acid may also act as a biological precursor 
of some member of the folic acid complex, and it 
now appears that in all probability it is identical with 
the precursor described by Elvehjem. 

An enzyme capable of converting histidine into 
material having growth-stimulatory activity for 
Streptococcus fecalis R. has been shown to be widely 
distributed in Nature. It occurs in relatively high 
concentration in mouse skin tissue, mouse and cat 
liver, hog spleen and duodenum and in horse heart. 
Certain of these tissues contain preformed growth 
factor, as is shown by the fact that samples heated 
to destroy enzyme activity induce marked growth 
and acid production in cultures of S. faecalis R. (cf. 
Table 1). Also apparently they contain appreciable 
amounts of the precursor postulated by Elvehjem, 
since incubation of fresh samples causes an increase 
in activity. 
ucing folic acid from 


histidine at pH 7-4, esti in terms of ml. N/20 acid produced in 
10 ml. cultures of S. faecalis in —. after the addition of 1 ml. of the 
xture 


Table 1. The activity of cat liver extract in 
mated 


Acid production 
(ml. /20) 
4°45 
4-10 


Mixture incubated for 18 hr. 


$ mt iver lia): 8 pete bur 
“5 mi. liver + 5- , er 
‘0 ml. phosphate buffer + 0-5 ml. 


. ne 5-45 
0-5 mi. liver (boiled) + 5-0 ml. oe omy buffer 
(solution + 0-5 ml. 0-1 per cent histidine solution) 


4-15 





0-1 mi. 
61 ml. 


03 ml. 
03 ml. 


0-3 ml. 
63 ml. 


03 ml. 
03 ml. 
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uinone § These preparations, in addition to the activity 
already present, are capable of producing increased 

s thus activity when incubated in the presence of histidine. 

e from BTable 2 shows the increased acid production in 

simply ffeultures of S. faecalis induced by the addition of 

erwein mouse skin extract after incubation with various 
quantities of histidine at pH 7-4 for 18 hr. 

eae x: fable 2. Activity of 0-2 ml. mouse skin extract incubated for 18 hr. 

aC t1ON at 37° C. with histidine 

having Addition of histidine Acid production 

This (ugm./ml.) (ml. N/20) 
tha 150 aa 
uinone 37°5 2-91 
with . 1. 3 

149 

ate to As a preliminary to a separation of the active 

uct is Bcomponent of the enzyme complex present in an 

3-aa8. Bextract of cat liver, a preparation of vitamin B, 

2°). conjugase using this extract as source was made. 

where, When tested for folic acid production, it was shown 

OKE that the fraction soluble in 50 per cent saturated 
ammonium sulphate solution which contained the 
conjugase was not adequate, but that the precipitate 
from this fractionation was also necessary for the 

0). reaction with histidine to take place. 

The presence of relatively large amounts of folic 
acid in the liver preparations made separation and 
testing rather difficult, and the possibilities of horse 
heart were examined, since although it has only 
about one quarter the activity per mgm. dry weight, 
the preformed folic acid content is about one half 

have M that in the liver preparations. Partial purification 
1ates, Bhas been effected by making use of the absorption 
n_ by B of the protein on paper pulp in the presence of con- 
folie & centrations of ammonium sulphate which were in- 
‘folic B sufficient to produce a precipitate. Treatment of 
t the & this material with lower concentrations of ammonium 
amie & sulphate elutes the activity quite effectively. 
se m 25 mgm. of dried horse heart (prepared at 40° C. by 
Viobin, Ltd.) was extracted with 200 ml. of M/15 
| that § phosphate buffer at pH 7-4. After filtration through 
y the & 4 Seitz filter, the filtrate was diluted to 600 ml. with 
its of & buffer one-third saturated with ammonium sulphate, 
that B and 50 gm. of paper pulp added. It was shaken 
ursor & for two hours and filtered. The paper was resus- 
nd it § pended in 600 ml. of pH 7-4 buffer, 8-3 per cent 
with @ saturated with ammonium sulphate, and reshaken. 
; The paper after filtration was resuspended in 600 ml. 
into @ water and treated as before. Table 3 records the 
for activity of the various stages in this fractionation, 
idely showing that the majority of the enzyme is eluted 
aa by the dilute sulphate solution. 
cat 
eart. Table 3. Activity of fractions of a horse heart extract 
owth Acid production 
ated Mixture incubated ml. 0-5 N acid 
Increase due 
ywth Actual to histidine 
. (cf. BF 0-1 mi. Original extract ; 0-12 
able O-1 mi. Sees +500 vgm. os oe 
jem, & 0-3 mi. Paper filtrate 0-01 
“CASE 03 ml. Paper filtrate + 500 »gm. - 
histidine 0-08 0-07 
F 0-3 ml. Paper (NH,), SO, eluate 0-14 
03 ml. Paper (NH.), SO, eluate + 
from 500 wgm. histidine 0-50 0-36 
ed in 03 ml. Paper water eluate 0-04 
of the 03 ml. Paper water eluate + 500 ~gm. 
histidine 0-08 0-04 
ction 
0) In view of the fact that the enzyme system 







described above has been shown not to be identical 
with vitamin B, conjugase, and the fact that Elvehjem 
has shown his enzyme to have a different pH optimum 
from the conjugase, it would appear likely that the 
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two may be identical. The partially purified enzyme, 
after elution from the paper, has an optimum 
activity at pH 7-8, as opposed to the pH 7 optimum 
observed by Elvehjem. Such a drift, however, 
often occurs on purification. Assuming that the 
enzyme systems are identical, it would follow that 
the substrates are also related, if not identical. It 
has been shown that arginine and, to a certain degree, 
glutamic acid can replace histidine as substrate for 
the folic acid producing enzyme. Edlbacher‘ and 
Walker® have postulated the production of unstable 
intermediates in the oxidation of histidine in the 
liver. These intermediates, formamidino glutaric acid 
and formyl glutamine, bear a considerable structural 
similarity to arginine ; and glutamic acid is the end 
point of the degradation. It may therefore be that 
the true substrates for the enzyme producing folic 
acid may be the uastable hexone bases produced 
during the oxidative deamination of histidine. 

The implications of these observations are far- 
reaching in their effect on firmly held theories regard- 
ing the mammalian metabolism of the folic acid 
complex. If tissues of such a large variety of animals 
are capable of synthesizing folic acid in vivo as well 
as in vitro, doubt must be cast on theories attributing 
sulphonamide-induced blood dyscrasias to intestinal 
sterilization. Also it may be expected that the 
presence of amino-acids in biological materials will 
tend to produce discrepancies in microbiological 
assays of the growth factor. 

A fuller account of these investigations will be 
given elsewhere. 

Davip A. HALL 
Department of Medicine, 
School of Medicine, 
Leeds. 
* Olson, 2. E., Fager, E. EF. C., Burris, R. H., and Elvehjem, C. A., 
J. . Chem., 174, 319 (1948). 

* Hall, >. ot Biochem. J., 41, 299 (1947). 
* Hall, D. A.. Biochem. J., 42, ix (1948). 
* Edlbacher, 8., and von Bidder, H., Z. physiol. Chem., 273, 163 (1943). 
* Walker, A. C., and Schmidt, C. L. A., Arch. Biochem., 5, 450 (1944). 


Hydrojugione and Apparent Vitamin C 


in Walnuts 
PREVIOUS communications from these labora- 
tories'* have shown that associated with the 


remarkably high concentrations of true vitamin C in 
different tissues of the walnut (Juglans regia) and 
allied species are considerable amounts of non-specific 
dye reductants provisionally termed® ‘apparent vita- 
min C’. The proportion of apparent vitamin C in the 
total dye reductants varies from less than 5 per cent 
in the endocarp to more than 90 per cent in resting 
buds and catkins. We have now obtained evidence 
that this so-called apparent vitamin C in walnuts is 
mainly, if not entirely, a derivative of hydrojuglone 
or 1:4:5 trihydroxynaphthalene : 


OH 


ok 
|] | 
A\4 
Ea 
OH OH 


Extracts of resting buds and catkins from various 
walnut trees around London were made in ethanol 
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containing 5 per cent v./v. hydrochloric acid AnalaR, 
which inhibited enzyme action and rendered the 
extracts stable for one to two weeks when stored in 
the refrigerator under nitrogen. The clear green 
extracts diluted with acid alcohol or alcohol and 
examined in a Beckman Model DU spectrophoto- 
meter gave absorption curves with the following 
maxima : 


~ 270, 283-285, ~ 305, 325, 342, ~ 360 mu 


(see graph). When these extracts were adjusted to 
pH 4-0 with N sodium hydroxide and chromato- 
graphed on alumina the following bands were 
obtained (reading from top): dark green, light 
greenish-yellow, lilac (turning green in acid alcohol). 
On development with 60-70 per cent alcohol the 
lilac band readily washed out of the column and was 
collected with the filtrate. Mineral acid was needed 
to remove the other two bands. The filtrate ccn- 
tained practically the whole of the dye reductants 
present in the original extract and showed maxima 
at 225, 305, 326 and 342 my in acid alcohol. The 
relative intensities of the peaks were unaffected by 
further adsorption on alumina, barium sulphate or 
lead acetate. Oxidation with N/100 iodine at pH 1 
formed a yellow compound, soluble in ether, giving 
maxima at 249 and 425 mu, corresponding with those 
for juglone. 
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Absorption curves of synthetic hydrojuglone — —- — , of —_ 
jugione ayo yy from male catkins of J. regia ---- 
the origina) acid alcoholic extract of the catkins ——. 
The ae at eai-220. my for synthetic hydrojuglone and for 
the hydrojuglone derivative were obtained with dilutions of 1 in 
4 and 1 in 5 respectively of the extracts used for obtaining the 
main parts of the curves 


Hydrojuglone, which we prepared from juglone by 
reduction with zine and hydrochloric acid, and by 
shaking out an ethereal solution of juglone with an 
aqueous solution of sodium hydrosulphite, gave the 
four maxima detected in the filtrate, but at slightly 
longer wave-lengths (namely, 225, 315, 334 and 
348 mu), these differences being probably due to ester 
formation in the natural product. The movement to 
shorter wave-lengths of the reduced form on esterifica- 
tion has been checked using juglone acetate. Such 
ester formation would also explain the much greater 
stability of the natural product as compared with syn- 
thetic hydrojuglone, which can lose most of its dye- 
reducing power and change back to a juglone within a 
few hours, especially on exposure to sunlight. Such 
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change is accompanied by development of yelloy 
colour, which also occurs when walnut extracts cop. 
taining apparent vitamin C are titrated with the 
indophenol dye, and the increase in yellow colour thus 
produced has been found to be roughly parallel to 
the content of apparent vitamin C in numeroys 
extracts prepared from different walnut issue 
during the last two or three years. The dye titration 
value of synthetic hydrojuglone has been found to 
vary with the titration pH in the manner which one 
of us (F. W.)* has previously shown to be character. 
istic of apparent vitamin C in walnut extracts, thug 
clearly distinguishing it from reductone and other 
possible constituents of apparent vitamin C. 

The occurrence of hydrojuglione in different walnu 
tissues has been known for many years’. We have 
not been able to find in the literature any reference 
to naturally occurring compounds of hydrojuglone or 
to its possible relationship to vitamin C. Mor 
recently, Lugg and Weller* considered the possibility 
of hydrojuglone being present among the non-specific 
dye reductants in walnuts, but (owing probably to 
their attention being concentrated on fairly matur 
fruit) did not find any significant amount of it in 
their experimental materials. Our spectroscopic and 
dye titration results show that in resting buds and 
catkins there may be more than 3 per cent of hydro. 
jugione, calculated on the fresh material, and 
accounting for practically the whole of the dye 
titration. During growth and development this per. 
centage gradually falls, concurrently with a steady 
increase in the concentration of ascorbic acid. Our 
evidence indicates that in growth and development 
of walnut tissues hydrojuglone, in association with 
ascorbic acid, may play a more important part than 
has hitherto been suspected. We hope to publish 
more details later. 

We are indebted to Dr. R. Melville, of the Royal 
Botanic Gardens, Kew, for samples of walnuts and 
botanical information, and to Miss Nora Baxter and 
Miss Elaine Finnegan for assistance in preparation 
of numerous extracts. 

This investigation forms part of the work for a 
University of London Ph.D. thesis by one of us 
(C. D.). 

C. DaGiisH 
FRANK WOKES 
Ovaltine Research Laboratories, 
King’s Langley, Herts. 
April 23. 
‘ Melville, R., Wokes, F., and Organ, J. G., Nature, 152, 447 (1943). 
* Wokes, F., 0: , J. G., Duncan, J., and Jacoby, F. C., Biochem. J., 

37, 695 (1943). 

* Wokes, F., Organ, J. G., James, E. M., and Melville, R., Nature, 154, 

669 (1944). 

* Wokes, F., Melville, R., Organ, J. G., and James, E. M., Biochem. J., 

38, xxv (1945). 

* Wokes, F., Organ, J. G., Duncan, J., and Jacoby, F. C., Nature, 152, 
14 (1943). 

* Wokes, F., Nature, 158, 133 (1946). 

’ Mylius, F., Ber., 18, 4 3, 2567 (1885). 

* Lugg, J. W. H., and Weller, R. A., Nature, 152, 448 (1943). 


Effect of Salt on Partition Chromatograms 


THE adverse effect of salt on partition chromato- 
on paper has been mentioned by Consden, 
Gordon and Martin’, and a method for removing salt 
from mixtures of amino-acids and peptides has been 
recently described by these authors’. If such de- 
salted solutions are then fractionated on paper 
chromatograms and the individual spots washed off 
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the paper and hydrolysed with 6 N hydrochloric acid 
in capillary tubes, some salt is reintroduced, presum- 
ably from the glass. Electrodialytic desalting is now 
scarcely practicable owing to the number and very 
small volume of these solutions. 

Fortunately, the amount of salt present is insuffi- 
cient to prevent the final analysis of the hydrolysates 
on further paper chromatograms. Under these con- 
ditions, the effect of salt on the ninhydrin-treated 
chromatograms is usually seen as a yellow spot in 
the glycine—alanine region when phenol—coal gas — 
ammonia has been used as solvent. Sometimes there 
is also an opaque ‘waterlogged’ spot visible nearer 
the origin of the chromatogram while still wet with 
solvent. The salt effect is much smaller when ‘Pyrex’ 
instead of soda glass capillary tubing is used. 

If the chromatogram, prior to treatment with 
ninhydrin, is extracted with toluene to remove traces 
of phenol and then sprayed, after drying, with 
thymol blue solution, a blue spot appears in exactly 
the same part of the chromatogram as would have 
been occupied by the yellow (ninhydrin) spot, thus 
indicating the presence of alkali in this area. Spray- 
ing with methyl red solution instead of thymol blue 
reveals a red (acid) spot nearer the origin correspond- 
ing to the position of the ‘waterlogged’ spot. 

These effects were reproduced on chromatograms 
of amino-acids mixed with sodium chloride or sulphate 
(10-20 ugm. of each) and on chromatograms of these 
salts alone. The observations suggested that the 
alkalinity which often prevents the full development 
of the colours with ninhydrin of those amino-acids 
which occur in that region might be eliminated by the 
use of acidified ninhydrin solution. This proved to 
be the case when acetic acid (1 per cent v./v.) was 
added to the ninhydrin solution (0-1 per cent in 
n-butanol). With mixtures containing relatively high 
concentrations of salt, waterlogging becomes so 
important as seriously to distort the top part of the 
chromatogram, and the alkalinity may be sufficiently 
high to prevent entirely the development of the colours 
of glycine, threonine, alanine and tyrosine with un- 
acidified ninhydrin. Nevertheless, even under these 
conditions, by the use of acidified ninhydrin, the 
colours of these amino-acids are revealed and show 
no distortion and no alteration of their Rp values. 
The separation of salts into cations and anions 
has also been observed with other solvent systems. 
With s-collidine, the effect is reversed, the acid 
spot being the faster and appearing in the 
valine — leucine region, and the alkali spot appearing 
near glycine. 

It is hoped that these observations may be helpful 
to those investigators who are using chromatographic 
techniques. 


P.S.—Since submitting this letter, we have seen 
the paper by Partridge and Westall*, who also 
observe the separation of inorganic salts into ions, on 


paper chromatograms. 
R. CoNSDEN 
A. H. Gorpon 


Wool Industries Research Association, 
Torridon, 
Headingley, 
Leeds 6. 
April 20. 


*Consden, R., Gordon, A. H., and Martin, A. J. P., Biochem. J., 38, 
224 (1944). 

*Consden, R., Gordon, A. H., and Martin, A. J. P., Biochem. J., 41, 
590 (1947). 

* Partridge, 8. M., and Westall, R. G., Biochem. J., 42, 238 (1948). 
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Ethylene Oxide Explosions 


THE occasional occurrence of ethylene oxide 
explosions during the fumigation of dried fruit has 
led us to undertake a detailed study of the com- 
bustion characteristics of the vapour. An examina- 
tion of the effect of pressure on the spontaneous 
ignition temperatures has yielded results somewhat 
like those for acetaldehyde’.*. Cool flames can be 
initiated in ethylene oxide-—air mixtures in the 
neighbourhood of 330° C’ at atmospheric pressure. 

The effects of pressure on flame propagation in 
ethylene oxide — air mixtures have been observed in 
a closed glass tube, 5 cm. in diameter, using hot-wire 
ignition. With the tube vertical and ignition at the 
lower end, continuing flame propagation can occur 
at atmospheric pressure in all mixtures containing 
more than 3-6 per cent of ethylene oxide. With 
increasing proportions of the combustible above the 
lower limit, the flame changes from non-luminous 
to luminous in the usual way, and approaching about 
68 per cent a normal upper limit flame is obtained. 
Beyond this point, however, the flame loses its 
luminosity and becomes pale blue; this continues 
while any air is present in the mixture. In the 
absence of air, ethylene oxide propagates an even less 
luminous blue decomposition flame, but at a higher 
speed and with greater pressure increase. 

The effect of reduced pressure on these phenomena, 
under the conditions of experiment, is shown in the 
accompanying graph. The decomposition flame is 
propagated down to 630 mm. pressure’; but below 
this an upper limit for ethylene oxide — air appears 
and the inflammable range is narrowed, being finally 
eliminated at about 70 mm. 

Neither the blue flame with rich mixtures nor the 
decomposition flame is propagated vertically down- 
wards, and under such conditions an upper limit is 
observed corresponding approximately to the bound- 
ary for luminous flames shown as a broken line in 
the graph. 
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The blue flame obtained with the rich mixtures no 
doubt corresponds with that observed‘ under slightly 
different conditions by G. W. Jones and R. E. 
Kennedy*, and by R. M. Jones‘ with mixtures con- 
taining up to 80 per cent of ethylene oxide. Coward 
and Jones* suggest that the flame is analogous 
to the cool flame of diethyl ether, but our investiga- 
tions indicate that this is not so. The flame is, in fact, 
initiated at too high a temperature and too low a 
pressure for such to be the case, ard we have tenta- 
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tively formed the opinion that it is associated with 
the endothermic character of ethylene oxide. Very 
similar behaviour has been noted by Forsyth and 
Townend using ethylene — air and ethylene — oxygen 
mixtures, and recently, Mr. G. Williams-Leir, work- 
ing with one of us in this Department, has obtained 
further evidence of a range of non-luminous flames 
beyond the recognized upper limit of ethylene in air 
at atmospheric pressure’. 

We have also succeeded in establishing limiting 
conditions of temperature and pressure for the 
spontaneous explosive decomposition of ethylene 
oxide, and are studying the kinetics of the explosion 
limit in relation to the work of earlier investigators 
of the kinetics of the slow decomposition*’*. 

The investigation as a whole is being continued 
and detailed results will be published in due course. 


J. H. BurRGOYNE 
F. A. BuRDEN 


Department of Chemical Engineering and 
Applied Chemistry, 
Imperial College of Science and Technology, 
London, 8.W.7. 
April 6. 


* Kane, G. P., Chamberlain, E. A. C., and Townend, D. T. A., J. Chem. 
Soe., 436 (1937). 

* Newitt, D. M., Baxt, L. M., and Kelkar, V. V., J. Chem. Soc., 1703 
(1939). 

* Jones, G. W., and Kennedy, R. E., Ind. Eng. Chem., 22, 146 (1930). 

* Jones, R. M., Ind. Eng. Chem., 25, 394 (1933). 

* Coward, H. F., and Jones, G. W., U.S. Bur. Mines Buil., 
vised, 1939). 

* Forsyth, J. S.,and Townend, D. T. A., Engineering, 149, 127 (1940). 

? Burgoyne, J. H., and Williams-Leir, G., Proce. Roy. Soc. (in the 
press). 

* Heckert, W. W., and Mack, E., J. Amer. Chem. Soc., 1, 2706 (1929). 

* Thompson, H. W., and Meissner, M., Trans. Farad. Soc., 32, 1451 
(1936). 

Seddon, R. V., and Travers, M. W., Proc. Roy. Soc., A, 156, 234 
(1936). 
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Radical Addition Reactions 


Various theories have been advanced to explain 
the direction of addition of neutral unsymmetrical 
radical reagents to unsymnietrical unsaturated 
systems. Such addition is often ‘abnormal’ as com- 
pared with the ‘normal’ additions observed with 
ionie reagents. Thus Waters' states that “free 
radicals . . . react preferentially at points of high 
electron density’, and Mayo and Walling? have 
suggested that the direction of addition is governed 
by the relative heats of formation of the two alterna- 
tive intermediates in the addition. No disagreement 
with the views of the latter authors can be advanced 
because there is, in general, no method of accurately 
evaluating such constants. The statement by Waters, 
on the other hand, is not in agreement with the 
present experimental data, since his view would 
umply that neutral radicals are electrophilic in char- 
acter. 

Recorded observations on the addition of radicals 
to unsymmetrical unsaturated systems can be ex- 
plained if it is presumed that radicals attack prefer- 
entially at points of high ‘differential electron density’ 
—differential, that is, with respect to the symmetrical 
unsubstituted systems. Examples will make this clear. 
With benzene, already substituted by either o-, p- 
or m-directing groups, the greatest differences in 
electron density with respect to unsubstituted 
benzene occur at the o- and p-positions; the m- 
position is relatively unaffected. Free radicals attack 
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benzene derivatives principally at the o- and p. 
positions’. 

In propylene the inductive effect (+ J) of the 
methyl group is usually considered to initiate a 
mesomeric effect as in (I), which more than com. 
pensates for the drift of electrons from C, towards (,, 


Th 
cH, —--— C= CH, 
3 2 1 
I 


C, is thus more negative than C, and also has the 
higher differential electron density with respect to 
unsubstituted ethylene ; in agreement, atomic brom. 
ine, in abnormal addition, adds to C,. 

A similar argument applies to (say) vinyl bromide 
(II). Here the position is more complicated jin 


oh Lom, 
2 Bl 
U 

that the inductive effect (— I) of the bromine 
atom initiates the mesomeric effect (x), which 
in turn is partially compensated by the mesomeric 
effect (8). Although (8) is of dominant importance 
for ionic addition, where it becomes an electromeric 
effect in the transition state, the negative end 
of the dipole in vinyl bromide lies at the bromine 
atom, thus showing that («) is more important in the 
unexcited compound. Following the argument given 
for propylene, the position of maximum differential 
electron density is at C, in agreement with the 
direction of ‘abnormal’ addition of bromine atoms. 

In «: 8-unsaturated esters, such as ethyl acrylate 
(III), both ionic and radical addition of unsymmetrical 


Gr=5 
——— 


Cc —- 


4 
EtO 2 1 


| 
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addenda furnish the same products*. This is again in 
agreement with prediction. The —CO,Et group ex- 
erts an inductive effect (—J) on the ethylenic linkage 
and also the mesomeric effect (— M) illustrated. For 
electrophilic attack C, obviously has a_ greater 
electron density than C,, as indeed is shown by the 
direction of electrophilic ionic addition, which is con- 
trary to the Markownikoff rule. But radical reagents, 
like bromine atoms, do not attack C, but C,, where 
the differential electron density is clearly greater 
than at C,. This last example is one where it is 
possible to distinguish without ambiguity between 
the predictions of Waters’ theory and the one pro- 
pounded here. 

It has recently been shown by Koelsch and Boekel- 
heide* that aryl radicals add to the §-position in 
methyl crotonate (IV), but to the a-position in 
methyl cinnamate (V). Such reversal of addition is 
easily understood when it is remembered that the 
inductive effect (—IJ) of the carbomethoxyl group 
is greater than that due to phenyl, and that the 
change in electron density at the 8-carbon atom in 
methyl cinnamate, due to the mesomeric effect (— M) 
imposed by the carbomethoxy] group, is compensated 
by the mesomerie effect (+ M) of the phenyl group. 
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pag 
CH=CH -— CH, 


D. H. R. Barton 
(1.C.1I. Fellow) 
Imperial College of Science and Technology, 
London, 8.W.7. 
March 23. 


Waters, W. A., “The Chemistry of Free Radicals’, 183 (Oxford 
University Press, 1946); compare Kharasch, M. 8., Engelman, H., 
and Mayo, F. R., J. Org. Chem., 2, 288 (1937). 

‘Mayo, F. R., and Walling, C., Chem. Rev., 27, 351 (1940). 

‘price, C. C., “Mechanisms of Reactions at Carbon-Carbon Double 
Bonds”’ , 63 (Interscience Publishers, Inc., 1946); see also Remick, 
A. E., “Electronic Interpretations of Organic Chemistry’’, 275 
(J. Wiley and Sons, 1943). 

‘Koelsch, C. F., and Boekelheide, V., J. 
(1944). 


Amer. Chem. Soc., 66, 412 


Dr. Barton’s term ‘high differential electron 
density’ is quite useful for explaining more precisely 
my early, and vague, statement that “free radicals 
attack molecules preferentially at points of high 
electron density”*. Obviously electron-availability is 
an essential requisite for free radical reactions. Free 
neutral radicals, such as Br-, CH,:, or C,H;:, are 
electrophilic reagents in so far as they tend to com- 
plete their electron octets, and this end they can 
achieve (a) by combining with another unpaired 
electron, as in CH,- + -NO — CH,—NO; (6) by 
combining additively at one of the easily available 
=-electrons of an olefinic bond ; or (c) by abstracting 
an outer atom plus one electron from another mole- 
cule, as in Cl- + HCH, ~ClI—H + -CH,. The ease 
of reaction is a > 6 > cc, and this is the order of 
available electron densities at the atom which is 
attacked. 

Dr. Barton concerns himself with process (b), and 
here it is the differential electron density at the two 
ends of the z-electron bond of the olefine which is 
important. It is to be judged, as he points out, by 
taking into account both inductive and mesomeric 
effects of substituents upon the static structure of 
the olefine, but not the inductomeric or electromeric 
processes which arise when an olefine molecule be- 
comes polarized by an approaching heterolytic 
reagent’. One should remember, however, that these 
radical reactions are all bimolecular, and hence the 
essential criterion of the reactive tendency is the 
energy difference between the initial and the transition 
states. Often, as in the cases of vinyl bromide, 
ethyl crotonate and ethyl cinnamate, this energy 
difference can be gauged most easily by writing down 
the structures of the alternative radical addition pro- 
ducts; for example, Br—CH—CH,—Ph and Br— 
CH(PH)—CH,-, where mesomerism is obvious in the 
former, but nct in the latter, case. This, of course, is 
the point of view of Mayo and Walling, and is much 
more accurate than my original electron density 
picture, which was not intended to cover all mesomeric 
systems. 

In the case of aromatic systems, Dr. Barton’s 
description of the experimental facts, though un- 
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fortunately current, is somewhat misleading, since 
the substitutions of aromatic compounds by free 
radicals have not, on account of inherent practical 
difficulties, been studied quantitatively. It would 
be truer to say that whereas the para-substituted 
product can always be isolated, both the ortho- and 
the meta-isomeride are often formed in comparable 
amount. Forthcoming papers in the Journal of the 
Chemical Society by Prof. D. H. Hey and myself will 
deal with this question. 
W. A. WaTERS 
Balliol College, 

Oxford. 

June 3. 
' Waters, Trans. Farad. Soc., 37, 770 (1941). 


Nickel Plating by Chemical Reduction 


Brenner and Riddell' have described a method for 
nickel and cobalt plating by chemical reduction of 
the metal salts with sodium hypophosphite under 
both acid and alkaline conditions. Aside from its 
utility, this reaction is one of considerable interest 
by virtue of its catalytic nature. Thus, in the con- 
centrations they use, deposition occurs only if certain 
metals are immersed in the solution and, even in 
their presence, deposition is inhibited by the addition 
of such materials as potassium thiocyanate and lead 
in small amounts. It is suggested that some insight 
on both these effects and also on the unusual kinetics 
of the reaction is obtained by the mechanisms out- 
lined below. 

I. Alkaline Solutions. The initial reaction step 
is one of electron transfer involving nickel and 
hydroxy! ions at the catalytic metal surface, M. 


Nitt +M = Nit + Mt 
OH- + M+ = OH - M 
2Nit Ni + Nit+ 
H,PO,- + 20H = H,PO,- + H,0O. 


(1) 
(2) 
(3) 
(4) 
The overall reaction is: 

Ni**+ + H,PO,- + 20H- = Ni + H,PO,- + H,0O. 


The interchange of electrons between the nickel 
ion and the surface will, following Michaelis?, take 
place in one-electron steps. The Nit ion first formed 
can then acquire another electron or disproportionate® 
to give the atom as in reaction (3). 

This mechanism accounts for: (i) The necessity 
of a metal surface to act as an electron source and 
sink as in reactions (1) and (2). The generally 
unfavourable free energy change‘ of reactions as 
OH- + Mag.+* = OH + Mag.*, where Mag.** is 
the ion in solution, shows this oxidation-reduction 
reaction not to involve dissolved ions of the catalytic 
metal but electrons present at various levels in the 
bulk metal as such. (ii) The non-catalytic nature of 
glass and plastic in their inability to take part in 
the electron transfer reactions (1) and (2). (iii) The 
action of inhibitors and the incidence of passivity 
in their effect on the electron availability at the 
surface. (iv) The independence of reaction-rate on 
the nickel concentration in the rapid nature of the 
electron transfer steps. (v) The dependence of the 
rate in linear fashion on the hypophosphite concentra- 
tion in reaction (4), which involves an atom transfer 
step. This reaction is favourable thermodynamically, 
AG being approximately — 130 k.cal.‘. 
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Il. Acid Solutions. 
H,PO,- — M = H,PoO, a M~ (5) 
H,PO, + H,O = H,PO, + OH. (6) 


The reactions of the nickel ion remain as given 
above. The overall reaction is : 

H,PO,- + Nit* + H,O = H,PO,- + Ni + 2H. 

This mechanism differs from that in alkaline solu- 
tion in the nature of the anion primarily involved in 
the electron transfer step at the metal surface— 
reaction (5). The unusual features of the deposition 
reaction in acid media accounted for include: 
(i) The independence of rate on both nickel and 
hypophosphite concentration, since both ions take 
part in electron transfer steps at the metal surface. 
The hypophosphite radical first formed afterwards 
reacts with water to give the OH radical and hypo- 
phosphorous acid, which, as they are formed in 
juxtaposition, will rapidly interact to give the final 
products of oxidation. This reaction has a free energy 
change of — 130 k.cal.*. (ii) The increase in de- 
position-rate with agitation of the metal surface is 
due to impoverishment at the surface of the ion 
H,Po,-. 

A curious feature of unexplained origin is that, 
in mixed nickel—cobalt solutions, only the former is 
deposited, providing the process is worked under acid 
conditions. 

I wish to thank Mr. D. A. Dowden for helpful 
discussions. 

J. G. M, BREMNER 
Imperial Chemical Industries, Limited, 
Billingham Division, 
Billingham, 
Co. Durham. 
April 9. 
' Brenner, A., and Riddell, G. E., J. Res. U.S. Nat. Bur. Stand., 37, 

31 (1946); 39, 385 (1947). 

* Michaelis, L., Ann. New York Acad. Sci., 40, 39 (1940). 
* Cf. Heyrovsky, J., Osterreich. Chem. Z., 48, 24 (1947). 


* Latimer, W., “Oxidation Potentials” (Prentice Hall, Inc., New York, 
1938). 


Deamination of Amino-Acids by X-Rays 


RECENTLY we have isolated products of hydroxyla- 
tion from dilute aqueous solutions of benzene and 
benzoic acid irradiated with ionizing radiations 
(X-rays, y-rays, neutrons)’. The formation of 
phenolic compounds in these experiments furnished 
experimental evidence in support of the theory put 
forward by one of us* in 1944, according to which 
the primary action of ionizing radiations results in 
the splitting of the water molecules according to 

H,O ~.... —~ OH+H, 
presumably through the ions H,O* and H,O~. These 
restion products are similar to those obtained from 
the same substances by the action of OH-radicals 
produced chemically (for example, by the hydrogen 
peroxide — ferrous salt system), or in the biological 
oxidation of these substances’. We have now found 
that irradiation by X-rays of dilute aqueous solutions 
of certain simple amino-acids results in an (oxidative) 
deamination yielding ammonia, and the corresponding 
aldehydes similar to those obtained from the same 
substances in vitro by the action of OH-radicals 
produced chemically‘. 

The experimental conditions were similar to those 
reported previously’. For example, aqueous solutions 
of serine (100 ml. solution containing 400 mgm.) were 
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irradiated with doses of the order of 10* r. unit, 
The ammonia formed in the irradiated solution wa, 
determined by the method of Parnas’; the yielj 
being of the order of 0-3 millimoles. (The yields yp. 
ported in our previous communication also refer ty 
100 ml. of solution.) The glycolaldehyde was isolate 
as the dinitrophenylhydrazine derivative (m.p. 156°) 
The presence of hydroxypyruvic acid was incicate 
by positive colour reactions’. 

Corresponding products were isolated in Varying 
yields from irradiated solutions of other sim 
amino-acids. Full details will be published elsewher, 

The irradiations were carried out at the X-Ray 
Department of the Royal Victoria Infirmary, Ney. 
castle-upon-Tyne. We are greatly indebted to Dr 
F. T. Farmer, who has made all the quantitatiy 
determinations of X-ray dosage. 

GABRIEL STEIN 
Joserx WEiss 
King’s College, 
University of Durham, 
Newcastle-upon-Tyne. 
April 6. 
* Steia and Weiss, Nature, 161, 650 (1948). 
* Weiss, Nature, 153, 748 (1944) ; 157, 584 (1946); Trans. Farad. Se 

43, 314 (1947). 

; For example, Baernstein, J. Biol. Chem., 161, 685 (1945). 

4, Dakin, ~ PS at (1906); 4, 63 (1908). 5, Neuber, 
* Cf. Krebs, Biochem. J., 29, 1620 (1935). 
* Kollatz and Neuberg, Biochem. Z., 255, 27 (1932). 


* Wirth and Nord, Arch. Biochem., 2, 463 (1943). 
Chargaff, J 


B Sprinso 
. Biol Chem., 164, 411 (1946). . “? 


Influence of Low Temperatures on the Mech 
anism of the Austenite — Martensite 
Transformation 


SYSTEMATIC investigations have been carried ou: 
on the influence of low temperatures on the lattice 
parameter of austenite and martensite and on the 
axial ratio c/a in martensite. 

Two plain carbon steels were chosen containing 
0-89 per cent and 1-2 per cent of carbon respectively. 
In order to obtain a martensite structure, the sample 
were quenched from 930° in brine solution afte 
holding for 15 min. at this temperature in a carbon 
monoxide atmosphere. Rods of 0-5 mm. diameter 
were cut from the quenched specimens by cutting 
very slowly with a carborundum wheel, applying 
efficient water-cooling. The rods were afterwards 
etched in order to remove the surface layer. 

X-ray photographs of the rods from these steels 
were taken in 9-cm. and 19-cm. Debye — Scherrer 
cameras using cobalt radiation and an iron filter. 
The rods were then immersed in liquid air for one 
hour and liquid nitrogen for 30° min. and X-ray 
diffraction photographs again taken. In certain 
cases, instead of using liquid air or nitrogen, some of 
the rods were immersed in a liquid helium bath at 
about 1-5° K. for approximately 6 hr. After liquid 
air or liquid nitrogen treatment and X-ray examina- 
tion, some of the rods were treated in liquid helium 
and examined by X-ray diffraction methods again. 

The photographs were photometred by means of 
the Hilger non-recording X-ray microphotometer. 
Readings were taken at intervals of 0-1 mm. and 
sometimes in more interesting cases 0-01 mm. along 
the entire length of all films, and correction for non- 
linearity in the blackening intensity curve was made 
from calibration strips put on the film by means of 
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arotating stepped sector. This correction was necess- 
ary in only a few cases. 

The lattice parameter was measured. A value for 
the axial ratio was obtained from M,, using the 
designations adopted by Lipson and Parker’, and 
this was used in calculating c and a from each of the 

lines M,. The value a was also obtained from M, (220) 

wd the true value was found by extrapolating linearly 

fom sin? 6 = 0 to sin? 6 = 1. 

The lattice parameter c of the martensite decreases, 
hile the parameter a shows very little change. The 
diminution of the parameter c in liquid helium is 
much more ncticeable than in liquid air or nitrogen. 

The axial ratio c/a in tetragonally distorted marten- 
site? distinctly decreases after the specimen is 
immersed in liquid air or nitrogen. The ratio c/a 
decreases very strongly after cooling the specimen in 
liquid helium. 

The lattice parameter of austenite decreases after 
the specimen is cooled in liquid air and nitrogen, and 
especially after cooling in liquid helium. 

The immersion of the specimens in liquid air, 
nitrogen or helium has apparently the same effect 
as the shift in the position of the smaller carbon 
content in Honda and Nishiyama’s* curves, which 
show that the c and a lattice parameters for marten- 
site, their ratio c/a and the a lattice parameter for 
austenite vary linearly with the carbon content. 

Investigations on the breadths of X-ray dif- 
fraction lines and grain size of martensite and 
austenite are in progress and a full report on the 
subject will be published elsewhere in the future. 
This work has been carried out in the Royal School 
of Mines, London, under the direction of Prof. C. W. 

;Dannatt. Grateful acknowledgment is due to Prof. 

J. F. Allen for facilities in the Royal Society Mond 

Laboratory, Cambridge. 

J6zEF Mazur 
Metallurgy Department, 
Royal School of Mines, 

Imperial College of Science and Technology, 

London, 8.W.7. 


"Lipson, H., and Parker, A. M. B., J. Iron and Steel Inst., 149, 123 P 
(1944). 

*Wratej, W. J., J. Iron and Steel Inat., 149, 135 P (1944). 

"Honda. K., and Nishiyama, Z., Sci. Rep., Sendai, 21, Ser. 1, 299 
(1932). 





Photodisintegration of the Deuteron 


THE photodisintegration of the deuteron into a 
proton and a neutron is a case of the two-body 
problem in nuclear physics; the effect was first 
discovered by Chadwick and Goldhaber'. Accurate 
measurement of the cross-section for this effect can 
give information about nuclear forces which is of 
interest in view of the several theories which have 
been put forward recently**. These theories predict 
values between 13 and 17 x 10-** cm.*. The cross- 
section has been measured three times before’. ; 
but since these values are all considerably below 
those predicted by theory, and in view of the sig- 
nificance of this constant, it was thought worth while 
to make use of improvements in technique that have 
been made in the meantime. 

The measurement was made by direct counting of 
the photoprotons in an ionization chamber filled 
with deuterium to a pressure of six atmospheres using 
& calibrated source of radiothorium, which gives 
2-62-MeV. y-rays. This method is independent of a 
neutron standard and also avoids counting the 
disintegrations caused by the 2-2-MeV. line emitted 
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by such a source*’. To ensure counting of all photo- 
protons, which have an energy of only 0-2 MeV., 
in the presence of the strong y-radiation, electron 
collection is essential. To achieve this at six atmo- 
spheres pressure the hydrogen must be exceptionally 
pure (less than 1 part in 10° of oxygen). We were 
greatly encouraged in attempting to obtain electronic 
conduction in a metal ionization chamber by the 
work of Mr. G. H. Stafford*, using extremely pure 
hydrogen in an all-glass ionization chamber. The 
counts were found to be reproducible from day to 
day within 2 per cent. 

The source was placed at 1 metre from the chamber, 
at which distance (52-5 + 1) counts per minute were 
observed. In order to obtain the cross-section from 
this observed rate of counting of photoprotons, the 
following facts must be known. 

(1) The y-ray flux. The radiothorium source was 
compared with a radium standard using an ionization 
chamber similar to that used in the Curie Institute in 
Paris, so that the absolute millicurie content could 
be calculated using a result of Ricoux*®. It is well 
known that one 2-62-MeV. y-ray is eraitted for every 
disintegration of the thorium-C” nucleus, with the 
exception of the few disintegrations (1 in 10‘) which 
give a long-range a-particle. The branching factor 
(0-35) is also well known’. A correction of 6 + 0-5 
per cent has to be made for the absorption of y-rays 
in the brass walls of the ionization chamber. 

(2) The sensitive volume of the ionization chamber. 
The chamber is a closed cylinder with a small hole : 
for entry of the collector electrode. The cylinder is 
connected to. a negative high voltage (5 kV.), which 
is ten times the saturation voltage to ensure complete 
collection. The sensitive volume is then assumed to 
be the geometrical volume (51-7 + 0-2 c.c.), which was 
obtained by filling with distilled water and weighing. 
Corrections have to be made for those photoprotons 
which lose most of their energy in the walls (5 + 1 per 
cent at this pressure) and for the region in the imme- 
diate vicinity of the central wire which is insensitive 
because of the effect of positive ions. Use of a 
cylindrical chamber with a small collector makes 
this correction small (2-2 + 0-5 per cent). 

(3) The pressure in the ionization chamber. This 
was obtained by expanding into a known volume 
and reading the pressure on a mercury manometer. 
This, when corrected to N.T.P., gives 6-01 + 0-03 
atmospheres. 

(4) The purity of the gas in the chamber. This 
was afterwards checked with a mass spectrometer. 
The gas entered the mass spectrometer through a 
palladium leak giving an assumed enrichment for 
the lighter isotope of 1-33. Using this figure, the 
purity of gas was 95 + 1 per cent deuterium. 

The final result for the total cross-section (magnetic 
plus electric photo effect) is: o = (16-2 + 1-0) x 
10-** cm.?. 

It is interesting to compare this result with the 
predictions of meson theory. The results of recent 
theoretical calculations of the total photo-nuclear 
cross-section have kindly been sent to us by Prof. 
Hulthén and are given below (see also L. Rosenfeld‘ 
and Pais‘). 


Type of meson theory Assumed meson mass o x 10" 
Moller—Rosenfeld 197 15-1 
Neutrai 197 16°8 
Meller—Rosenfeld 296 13-3 
Neutral 296 13-7 


Our result therefore eliminates the substantial 
discrepancy with theory which previousiy existed, 
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and favours a light meson mass. The precision of our 
measurements is insufficient to decide between the 
different types of theory. 

We have to thank the Ministry of Supply for the 
loan of the radiothorium source, the Department of 
Scientific and Industrial Research for a maintenance 
grant, Dr. Reaf and Mr. Thoneman for the analysis 
of the deuterium, and Lord Cherwell for his con- 
tinued interest in the work. 

Note added in proof—Dr. Gentner has kindly 
pointed out to us that the high value obtained for 
the cross-section could be due to a y-ray line at 
3-2 MeV. of uncertain intensity reported by Simons 
and Zuber (Proc. Roy. Soc., 159, 383; 1937). An 
examination of our proton energy spectrum shows 
that the line (if it exists) has an intensity too small 
to influence the result. 

R. WiLson 
C. H. CoLuie 
H. HaLBan 
Clarendon Laboratory, 
Oxford. 
June 10. 
' Chadwick and Goldhaber, Proc. Roy. Soc., A, 161, 479 (1935). 
* Rarita, Schwinger and Nye, Phys. Rev., 59, 209 (1941). 
* Graham, G. A. R., and Halban, H., Rev. Mod. Phys., 17, 297 (1945)- 
* Rosenfeld, L., “Nuclear Forces” (North Holland Publishing Co.’ 
Amsterdam, 1948). 
* Pais, K. Danske Vidensk. Selsk. Mat. Fys. Medd., 17, 9 (1941). 
* Halban, H., C.R. Acad. Sci., Paris, 206, 1170 (1938). 
* Latyshev, G. D., Rev. Mod. Phys., 19, 132 (1947). 
* Stafford, G. H., Cavendish Laboratory, informa] communication. 
* Ricoux, J. de Phys., 8 (1937). 


Nuclear Isomeric Transitions of 


Short Periods 


THe elements copper, molybdenum, silver, 
cadmium, indium and lead have been irradiated by 
a pulsed beam of X-rays, activity ascribable to 
metastable states being sought in the intervals be- 
tween pulses. The electrons producing the X-ray 
pulses had energies up to 1-05 MeV., the pulse width 
was 5 usec., repetition frequency 200 per sec. and 
mean current 15 uamp. ; the mean current during the 
pulse was thus approximately 15 m.amp. The ele- 
ments were irradiated within Geiger—Miiller counters, 
counts between pulses being displayed on an oscillo- 
graph with time-base triggered by the pulses. No 
evidence of activity was obtained. Periods greater 
than 100 usec. could have been detected. Some 
details are given below of the experimental arrange- 
ments whereby a particular spurious effect can be 
eliminated, since these may be of interest in similar 
studies where more energetic X-rays are available. 

The electron beam was generated by a pulsed 
linear resonant-cavity accelerator, working at 1,200 
Mc./s., constructed by the Radiophysics Division of 
the Council for Scientific and 
Industrial Research, Sydney ; 
an earlier type of accelerator, 
using similar principles, has been 
described’. As a result of de- 
velopments by Mr. B. Y. Mills, 
of the Radiophysics Laboratory, 
electron energies up to 1-25 MeV. 
have been obtained with a single 
cavity. 


When counters with the metals F 


under investigation as cathodes 
and filled with argon (pressure 
15 cm.) and ether (pressure 
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Screen-wall counter. Envelo 
field coil; C, anode wire, 3 tungs 
cathode mesh (80 per inch); /, glass support for 
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15 mm.) were irradiated, a short-period ‘activity’ 
dying away in approximately 0-01 sec. was ob. 
served; a high X-ray intensity increased th 
counting-rate between pulses, in some cases to 
an apparently continuous discharge. In the copper 
cathode counter the counting-rate was less inteng 
than in those with other metals as cathodes. Theg 
effects were shown to be extra-nuclear in origin ag 
follows. 

The six metals were placed within the envelop 
of a screen-wall counter; this type of counter* cap 
be used for magnetic measurements of energies of 
particles produced by nuclear disintegration. The 
design adopted for the present experiments is shown ip 
the accompanying di The envelope is of glass, 
with one brass end; the cathode is a cylindrica 
copper wire mesh, and the material to be irradiated 
a cylinder placed outside the cathode. By sliding 
each outer cylinder in turn into position facing the 
cathode, differences due solely to the different metak 
can be detected. A filling of argon-ether mixture w 
to 4 cm. pressure was employed, so that scatter. 
ing effects could be neglected in the measurement of 
energies of any particles emitted from metastabk 
nuclei. It was found that the application to the oute 
cylinder of a potential more than 2 volts above that 
of the cathode in each case reduced the counting. 
rate between pulses to a value not significantly 
different from that occurring when there was m 
outer cylinder facing the cathode mesh. Thus th: 
counts between pulses could not have been produced 
by electrons of energy more than 2 eV. Their actual 
origin is being investigated. 

The absence of any observed long-period activity 
with lead requires comment, as one might e 
that the 1-6 min. isomer of threshold 0-65 MeV. 
previously discovered by Waldman and Collins* would 
have been produced by X-rays of maximum energy 
1-05 MeV. However, an approximate calculation on 
the assumption of the yi quoted by the above 
experimenters shows that in the present experiment: 
an increase in counting-rate of more than 5 pe 
minute should not have been expected, and such 4 
low rate would not have been regarded as significant. 
All known isomers in the other metals require more 
energetic X-rays for their activation. 

With regard to short periods, the presence in lead 
of a metastable state with period of order 1 m.sec., 
if such existed with an activation cross-section of 
the order 10-* cm.* or more, could have been 
detected ; this estimate is based on the assumption 
of an activation-level at 0-65 MeV. It seems likely 
that there are no suitable activation-levels below 
1-05 MeV. in the nuclei of silver‘, cadmium‘ and 
indium’. It is interesting to note that no isomerit 
transitions of periods of the order of 10-* sec. have 
yet been reported, although some activities with 


B 
Cc 


D 


, 3 ft. x 3in. diameter. A, outer cylinder; B, magnetic 
mil. ten ; D, outer support and shield; £&, copper 
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miero-second periods have been discovered which are 
uced by radioactive decay into stable isotopes’. 

A study of the behaviour of nuclei immediately 
following nuclear reactions and inelastic collisions 
may show evidence of short-lived isomers. In order 
»oexamine such effects, it is proposed, using a method 
jmilar to that here described, to irradiate various 
materials with neutrons produced by a pulsed ion 
beam in a (D + D) generator. 

Grateful acknowledgments are due to Dr. E. G. 
Bowen, chief of the Radiophysics Laboratory, for 
making available facilities for the experiments de- 
wribed, and to Dr. R. E. B. Makinson for suggesting 
this work. Financial assistance has been provided 
by a Commonwealth Science Research Grant. 

; P. B. Treacy 


School of Physics, 
University of Sydney. 
March 30. 


‘powen, E. G., Pulley, O. O., and Gooden, J. 8., Nature, 157, 840 
(1946). 

‘Libby, W. F., and Lee, D. D., Phys. Rev., 55, 245 (1939). 

‘Waldman, B., and Collins, G. B., Phys. Rev., 67, 338 (L) (1940) 

‘Wiedenbeck, M. L., Phys. Rev., 67, 92 (1945). 

‘Waldman, B., Collins, G. B., Stubblefield, E. M., and Goldhaber, M.. 
Phys. Rev., 56, 1129 (A) (1939). 

‘See, for example, de Benedetti, S.,and McGowan, F. K., Phys. Rer., 
70, 569 (1946); 71, 380 (1947). 


A Gravitational Field with a Curious 
Geometrical Property 


Ir is well known' that there are fourteen inde- 
pendent absolute scalar differential invariants of the 
second order associated with the gravitational metric, 

ds* = g,, dx* dz’. (1) 
It can be argued that the vanishing of all the in- 
variants need not imply the vanishing of all the 
twenty independent components of the curvature 
tensor Raja. On the other hand, it may be pointed 
out that, when the invariants vanish, there are 
fourteen differential equations to be satisfied by the 
ten J.» components; and it is not at all obvious 
that a gravitational field with a Riemannian metric 
exists for which the fourteen invariants vanish. We 
report here the existence of such a gravitational field 
described by the metric 
dS* = — A(dz* + dy* + dz* — dt*) (2) 
A= A(t), § = 2-4, 2 
for which the surviving components of the energy- 
momentum tensor satisfy the relations, 
Ti=|-7T= —-Ti= —T,, 
each being equal to 
~ [5 Se 3 1 =) | 
8x La? de? 2 A* \de/ J° 

e above metric with the conditions (3) may be 
ompared to the gravitational field corresponding to 
a directed flow of radiation as given by Tolman’. 
‘For (2), the conformal curvature tensor vanishes and 
T,” has the structure of the electromagnetic energy- 
momentum tensor; these circumstances together 
being responsible for the vanishing of the complete 
set of invariants. 


(3) 


(4) 


V. V. NARLIKAR 
K. R. KARMARKAR 
Benares Hindu University. 
April 12. 
a ee (., “Differential Invariants of Generalized Spaces’’, 183 
Tolman, B. C., “Relativity, Thermodynamics and Cosmology”, 273 
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Interpretation of Data from Electrical 
Resistivity Geophysical Surveys 

Mr. J. M. Hoves has described in Nature of May 22 
a@ graphical method of analysing results from the 
four-electrode method of determining electrical 
resistivity, when applied to a horizontally stratified 
earth. He cites particularly the case of a two-layer 
earth. In a paper published in the Proceedings of the 
Physical Society, 47, 589 (1935), we described this 
graphical method and gave the universal curves for 
the case when the four electrodes are equally spaced. 
The analysis for the distribution of an alternating 
current with parallel flow in a two-layer earth was 
also given. Comparisons were made between results 
obtained with alternating currents and those obtained 
with the four-electrode method. 

The graphical method just mentioned was used to 
some extent in the preparation of the electrical 
resistivity maps of Great Britain and southern 
Scotland issued by the Electrical Research Association 
in 1935. 

S. WHITEHEAD 


British Electrical and Allied Industries 
Research Association, 
Greenford, Middlesex. 
W. G. RaDLey 
General Post Office. 


BrerorE I commenced an investigation of the 
interpretation of data from electrical resistivity 
surveys, unfortunately I failed to find any reference 
to the paper by Drs. Whitehead and Radley. 

There are two points in the treatment of this 
method by Drs. Whitehead and Radley on which I 
should like to comment. They suggest that this 
method is not as accurate as that due to Tagg. For 
the ideal case of two perfectly homogeneous layers 
separated by a plane boundary parallel to a perfectly 
plane surface of the earth, this is probably true. In 
actual surveys, these conditions are never completely 
fulfilled, and deviations caused by irregularities in 
the boundary planes and inhomogeneities in the 
layers make any two-layer curve into only an 
approximation to the actual curve: under these 
conditions, I suggest that either method would be 
equally applicable. 

In their paper, Drs. Whitehead and Radley only 
apply the method to a two-layer problem. I believe 
that the method is especially useful in the case of 
certain types of multi-layer earth. In my com- 
munication, I did not discuss this at length as the 
method is essentially the same as that proposed by 
Tagg, but, in my opinion, very much more convenient 
than that of Tagg. I have used the method on some 
results obtained by Prof. L. 8. Palmer in Holderness 
for deposits which have three main layers, topsoil, 
low-resistance boulder clay (this layer is not usually 
homogeneous but contains thin strata of sand, etc.), 
and high-resistance chalk. In the eight cases 
examined, four showed a curve of three-layer type, 
and for these the specific resistance of the boulder 
clay ranged between 130 and 80 ohm ft., and that of 
the chalk between 240 and 570 ohm ft. The topsoil 
varied from 2} ft. and 6 ft. in thickness, and in two 
cases where bore-hole data were available the chalk 
was within 10 per cent of that for the bore-hole, 

J. M. Hover 

University College, 

Hull. 
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Open Hearth Furnace Models 


A DESCRIPTION was given in a letter in Nature of 
March 27, p. 479, of the use of aluminium powder 
for flow visualization in a water model of an open 
hearth furnace. It has since been shown that part 
of the pattern “was due to air bubbles, and that if 
these are eliminated the aluminium shows up as 
extremely short light streaks due to the rapidly 
changing orientation of the disk-shaped particles 
during the exposure period. 


At the suggestion of Mr. F. H. Saniter, director 
of research, further tests were made in which a 
stream of gas (initially oxygen) was introduced into 
the water before the ‘checkers’, after all the original 
bubbles had been eliminated by suitable adjustment 
of the control valves. This technique resulted in an 
immediate improvement both in the ease of observa- 
tion and photographic clarity. Not only were the 
individual bubble streaks far more clearly discernible, 
but also the falling off in light intensity of the flash 
from the discharge tube during the exposure results 
in a point on the tracks that enables their direction of 
movement to be easily recognized. This latter feature 
is proving @ great asset in the study of such highly 
turbulent conditions. 

A. R. Purp 

The United Steel Companies, Ltd., 

Research and Development Department, 
Swinden House, 
Moorgate, Rotherham. 
June 8. 


Induced and Spontaneous Abnormality 
in Ciliates 


Morrram!':*, by means of various physical agents 
and by means of certain cyclic hydrocarbons—all 
factors, except one of the latter group, said to be 
carcinogenic—disorganised a ciliate and found some 
persistence of abnormality in the offspring of the 
disorganised cells. At first he named the ciliate 
Paramecium aurelia' and later Paramecium and 
P. colpoda Ehr., but finally adjusted the identification 
to “an amicronucleate race of Colpidium’’*. It is 
important to realize that his ciliate, being without a 
micronucleus, was intrinsically abnormal. In the 
reaction he suggested an analogy to tumour formation 
and surmised that where such abnormals arise 
spontaneously in culture there has been unwittingly 
some exposure to a carcinogenic factor. 
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Such abnormalities, the origin of which is in g 
double cell, have been produced by merotomy*.+, by 
exposure to sodium bromide‘, hydrogen cy anidet 
benzene hexachloride (‘Gammexane’)’, by transfer 
of a culture to hard chlorinated tap water®; also ag 
a sequel to conjugation’®. 

In the case of ‘Gammexane’ and Paramecium 
caudatum, up to a 56 per cent conversion to an 
abnormal form has been obtained. These double 
cells become monstrous and multinucleate. They 
give rise to both normal and abnormal cells, byt 
usually there is no suggestion of persistence of ab. 
normality, which disappears at the death of the 
primary or secondary abnormal forms. One of ninety 
such cases closely followed has behaved differe ntly, 
with constant difficulty in parting of the cells at 
division, and yielding frequent double cells, various 
distorted individuals and monsters for six months 
until the clone was abandoned. The greatest develop. 
ment of abnormals occurred eight to ten weeks after 
the exposure to ‘Gammexane’. 


nee spontaneous abnormal Paramecium caudatum. 

ing —s of mouths and a e vacuoles 

and bifid tendency. a disorganisation of nuclei and 

intercalary division. ua i are shown stip led. healthy 

micronuclei as black dots, — ones as circles, gullets 
as 


In spite of the fact that this experience was unique 
in the series, it would have been attributed to a 
residual effect of the ‘Gammexane’; but, about the 
same time, a double cell appeared in a stock culture 
which formed part of the control. This spontaneous 
instance has maintained abnormality in its offspring 
for more than a year, and the clone is still vigorous 
though with a morbid tendency. The cells are ex- 
tremely sticky in division, so that chains of up to 
nine cells are produced. There is a tendency to 
bilateral symmetry in organelles, but the nuclei in 
the chains are completely disorganised (see figure). 
It gives off normal cells, and normal side-lines 
can be obtained by selection. In some respects 
it resembles a case reported by Jennings’® which 
also arose spontaneously but has better viability as 
the chains will live alone in culture, whereas his died 
unless normal cells were included to aerate the 
medium. He recorded no doubling of organelles and 
did not report on nuclear conditions. The stock 
cultures, maintained in 0-5 per cent linseed infusion, 
were exposed to no conceivable carcinogenic agent, 
and the origin of this abnormal clone was, without 
doubt, due to some: intrinsic cause. 

In the light of such observations, the basis of 
Mottram’s hypothesis does not exist. Nevertheless, 
having regard to the present wide use of benzene 
hexachloride as an insé@cticide, it was thought wise 
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in a to test it for possible carcinogenicity (see following 
“, by letter). 
nide®, Lu. Lioyp 
insfer Department of Zoology, 
Iso as University, Leeds 2. 

:Mottram, J. C., Cancer Res., 1, 313 (1941). 

Chum *Mottram, J. C., “Problem of Tumours” (London, 1942). 

© an ‘Calkins, G. N., Biol. Bull., 21, 36 (1911). 

ble «Peebles, F., Biol. Budl., 28, 154 (1912). 

They s¢hatton, E., C.R. Acad. Sci., Paris, 173, 393 (1921). 

ey ‘ae Garis, C. F., J. Exp. Zool., 49, 133 (1927). 

» but BF syoyd, L., Nature, 159, 135 (1947). 
f ab. ‘Herzfeld, E., Jen. Z. Natur., 62, 79 (1926). 

f the Stocking, R. J., J. Exp. Zool., 19, 387 (1915). 

inety “Jennings, H. 8S., J. Exp. Zool., 5, 577 (1908). 

ntly, pene 

ls at 

rious Absence of Carcinogenic Activity of Benzene 
— Hexachloride (‘“Gammexane’) 

e Op- 

after For reasons given in the preceding letter, benzene 





hexachloride has been tested for carcinogenic pro- 
perties. A 0-5 per cent solution in acetone has been 
applied twice weekly for fifteen months to the inter- 
sapular skin of a group of thirty mixed stock mice. 
A further twenty mice were subcutaneously im- 
planted with pellets of paraffin wax containing 3 per 
cent of ‘Gammexane’, and have since been observed 
for ten months. 

No tumours have been induced in either group. 
Moreover, there have been none of the changes seen 
with known carcinogens during the latent period, 
for example, epilation, local thickening and con- 
gestion of the skin, epidermal hyperplasia, and 





















S fibrillary changes in the dermis of the first group; 
or the characteristic failure to form a firm collagenous 
capsule round the pellet in the second group*. The 
survival-rate has been satisfactory, twenty-one and 

- twelve out of the original thirty and twenty respect- 

les ively being still alive at the time of writing. Of the 

~ dead mice, one showed leukemia at autopsy and 

ets another was killed following the observation of a 
carcinoma of the breast; both these lesions occur 
spontaneously in the stock, and there is no reason to 

que attribute them to the treatment. 

08 It is perhaps worthy of mention that the general 

the § Condition of the mice in the first group has been 

ure § ‘finitely superior to that obtaining in an average 
ous | “periment ; this we attribute to the reduction of 

‘ing parasitic cutaneous infestation. In certain types of 

ous f Prolonged experiment, periodical treatment of the 

ex. @ “imals in this way might prove of general value. 





J. W. ORR 
Department of Experimental Pathology, 







to - 4 

in University, Leeds 2. 
re). & ‘Orr, J. W., J. Path. Bact., 46, 495 (1938). 
nes [ ‘Orr, J. W., J. Path. Bact., 47, 157 (1939). 








Rhythmic Respiration in the Sea Urchin 


I am much interested in the note by Dr. Erik 








the 

nd § Zeuthen on the presence of rhythmic respiration in 
ck § sea urchin eggs'. Fifteen years ago, while at Harvard, 
on, I performed a number of experiments on the fertilized 





eggs of another species of the sea urchin, Arbacia 







nt, 

ut 9 punctulata, using the Warburg microrespirometer 
technique. I found rhythmic variation in the rate of 

of § °xygen consumption by these more or less uniformly 

ss, § cleaving eggs. The phenomenon is quite pronounced 





at 25°, but not so at 15°. The oxygen consumption 
v. time, or oxygen consumption v. cleavage curves 
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are very much the same as those given by Dr. Zeuthen. 
I also discussed in detail the reasons for the failure of 
previous workers to find such variations. In Warburg’s 
first experiments’ the readings were taken at too long 
intervals, and Gray’s* experiments were made at too 
low a temperature (11°) for the variations to be 
significant. Shearer’s data actually showed such a 
variation if his data were replotted differentially as 
rate against time, rather than as an integral curve 
of amount of oxygen consumed against time, which 
was the way he plotted the results. 

The results of my experiments, together with the 
discussion, were published, upon my return to China, 
in Wuhan University Journal of Science, 7, 1 (1937). 
Unfortunately, war broke out soon after, and very 
few copies of the journal are in existence now. Even 
I myself have no copy. I am trying to locate this 
article, both in China and in libraries abroad. 

PEISUNG TANG 

Physiological Laboratory, 

Tsing Hua University, 
Peiping. 
March 5. 
* Nature, 160, 577 (1947). 
* Warburg, O., “‘Stoffwechsel der Tumoren”’ (Berlin, 1926). 
* Gray, J., Proc. Phil. Soc., Biol. Sect., 1, 164 (1924). 





Use of Rotifera for Testing Analgesics, 
Narcotics and Similar Drugs 


THE assay of the analgesic power of therapeutic 
substances by means of rats cannot be carried out 
with any degree of precision. It has been found 
that the Rotifera can be employed for this purpose 
since they are extremely sensitive to killing agents 
unless they are previously narcotized!'. 

Through the courtesy and active help of Mr. E. D. 
Hollowday, regular supplies of the rotifer, Brachionis 
calyciflorus, were obtained, and lots of 1-0 ml. of 
the water containing 10-15 of the Rotifera pipetted 
into small tubes. An equal volume of a solution of 
the drug under test at a known concentration was 
slowly added, the tube being gently rotated to ensure 
even mixing. After allowing to stand for 10 min. 
the Rotifera were examined under the microscope. 
After noting their condition, the animalcules were 
killed with formalin and the state of the cilia 
determined. 

The various states were defined as follows : 

(i) Dead. These had died from ‘natural’ causes 
and generally consisted of the lorica containing a 
more or less decomposed internal mass. 

(ii) Killed. These had contracted on contact with 
the formalin or other drug without passing through 
a state of narcosis. This was indicated by con- 
traction of the cilia, generally accompanied by 
contortion of the internal organs. 

(iii) Narcotized. These showed no contraction or 
contortion, the Rotifera being free from movement 
but with the cilia outstretched. On the addition of 
formalin, no immediate obvious changes took place. 

(iv) Alive but not narcotized. These were either 
static or else free-swimming with the normal move- 
ment of the cilia. On the addition of formalin, they 
contracted and contorted within the lorica. 

The relative numbers in the three classes, killed, 
narcotized, and alive but not narcotized, were counted. 

The effect of various drugs was examined through- 
out ranges of concentration depending on the activity 
of the particular substance under investigation. The 
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first compound examined was acetylsalicylic acid, and 
as the pH value of the solution was c. 3-3, the other 
substances were used at approximately this degree 
of acidity, except in the cases of sodium salicylate, 
the calcium salt of aspirin, phenobarbitone and 
barbitone. The results obtained are shown in the 
accompanying table. 

It is interesting to observe the peculiar effect of 
aspirin. When pure acetylsalicylic acid is added in 
requisite amount, the infusoria show perfect evidence 
of narcosis; but they appear to be killed at the same 
time, since on transferring to fresh water they show 
no sighs of recovery. If the aspirin be converted 
into calcium acetylsalicylate and employed at pH 6-0, 
the narcotized Rotifera recover when transferred to 
fresh water. If the calcium salt be decomposed by 
the addition of acetic acid, so that the pH value 
is about 3-5, then no recovery takes place. Since 
salicylic acid appears to be fairly lethal and the 
Rotifera do not recover from treatment with a dilution 
of 1 : 1,500, it would seem that the peculiar effect 
of aspirin may be connected with the breakdown of 
the molecule into its component moieties. So far 
as is known, aspirin decomposes in aqueous solution 
of pH 3-3 at 20° C., at the rate of about 1 per cent 
per hour, a speed which is too slow to account for 
the rapidity of kill. It may be, however, that the 
acetylsalicylic acid is decomposed at a much greater 
rate when it is in the internal fluid of the Rotifera 
and where in vivo factors are operating. 





Recovery 
from 


Concentration of drug 
producing 


Kill 





Compound 
Narcosis 





| a ) Analgesics : 
Hyoscine hydrobromide| 1: 200 Re 
Amidopyrine 1:1,000 1 : 40,000 
1: 


1,500 
Aspirin 1: 1,000 2,000 
Calcium aspirin 
(pH 3°5) : 200 1: 450 
Caleium aspirin 
(pH 6-0) 1: 4 | 1: 70 
Salicylic acid : 1,000 1: 1,500 
Sodium —— " 
(pH 6-4) : 20 N. 
Phenacetin : 1,500 2,000 
(2) Local Ancesthetics : 
Cocaine hydrochloride 
(3) Aneesthetics : 
Ethy! alcohol 3 10 : 10 
Chloroform : 5O0O : 1,600 
(4) Hypnotics : | 
Morphine | : 400 : 
Codeine : : N.N. - 
Barbitone (pH 9-2) =| c.N 
Phenobarbitone 
(pH 9-0) 


N.K. : 7,000 














a3 N.N. - 





N.K.: up to a concentration of 1 : 750, cocaine did not kill. 
N.N.: narcosis could not be produced by sodium salicylate nor 
with the hypnotics codeine, barbitone or phenobarbitone. With 
morphine, some 60 per cent of the Rotifera showed evidence of narcosis, 
while with ethyl! alcohol at a concentration of 1 : 10 less than 50 per 
cent were narcotized, the remainder being killed. 
We have found that the larger animalcules, such 
as Cyclops and Daphnia, do not lend themselves to 
this typ2 of experimentation. The experimental 
results suggest, however, that the Rotifera are ex- 
cellent experimental animals for the assay of drugs 
which have analgesic and anzsthetic properties. 
R. H. Marriorr 
S. Morris 
Y. LARTHE 

Beecham Research Laboratories, Ltd., 

Brockham Park, 
Betchworth, 
Surrey. 
March 25. 
' Rousselet, C. F., J. Roy. Micro. Soc., 22, 378 (1902). 
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Foetal Hemoglobin and Erythroblastosis 


Ix a recent communication, Jonxis' reports 
quantitative estimations of alkali-resistant anc labile 
hemoglobin in cases of hemolytic disease of the new. 
born. He comes to the conclusion that after birth 
only hemoglobin of the labile, adult type is formed, 
and that in hemolytic disease of the new-born there 
is a selective destruction of red blood corpuscles 
containing foetal hemoglobin. We carried cut jp 
the years 1939-42 a great number of similar estima. 
tions; these have been briefly reported previously 
elsewhere?.*. , 

Our results were at variance with those of Jonxis, 
The method applied was a modification of that of 
Haurowitz‘, adapted to the use of Evelyn’s photo. 
electric step-photometer. The investigations were 
carried out before the Rh factor and its relationship 
to the hemolytic disease of the new-born was known, 
and it is significant that the study of denaturation 
curves after blood transfusions revealed two types, 
one indicating a selective destruction of the baby’s 
cells and one showing indiscriminate destruction. In 
the accompanying figure the abscissa represents the 
time in minutes after addition of N/4 sodium 
hydroxide, the ordinate the logarithms of the con. 
centration of oxyhemoglobin at each time. The 
concentration of the original solution, which was 
always approximately 0-1 gm. per 100 ml., was taken 
as 100. The percentage of alkali-resistant hemo. 
globin was calculated by extrapolation of the second, 
gentle slope to time 0. The case was that of a 
hemolytic disease of the new-born and had a high 
reticulocyte count indicating a rapid regeneration of 
erythrocytes. The graph shows a complete replace- 
ment of the foetal hemoglobin by the adult type 
after blood transfusion, and yet 24 hours later there 
is already 16-5 per cent alkali-resistant haemoglobin. 
Further curves illustrating selective and indiscrim- 
inate destruction of erythrocytes after blood trans. 
fusions in cases of hemolytic disease of the new- 
born are given in an earlier publication’. 

Where a few days after a blood transfusion the 
denaturation curve returns to the pre-transfusion 
type in the presence of a high destruction- and 
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regeneration-rate, it is obvious that fetal hemo- 

obin has been formed in extra-uterine life. Cases 
with an indiscriminate destruction of patient’s and 
donor’s cells show that there is no relationship what- 
ever to the type of hemoglobin present in the red 
blood corpuscles. In full agreement with these find- 
ings are the results obtained by Mollison*’, who 
studied the survival of transfused erythrocytes in 
hemolytic disease of the new-born by the method of 
differential agglutination. In almost all cases where 
Rh-positive red blood cells have been transfused 
they were eliminated within ten days. The de- 
struction of erythrocytes in hemolytic disease of 
the new-born depends on their sensitization by Rh 
antibodies and shows no relationship to the chemical 
constitution of the globin component of their 
chromoprotein. 

H. 8S. Baar 
Department of Pathology, 
The Children’s Hospital, 
Birmingham. 

tJonxis, J. H. P., Nature, 161, 850 (1948). 
*Baar, H. 8., and Hickmans, E. M., J. Physiol., 100, Proc. 3 (1941) 
‘paar, H. 8., and Lloyd, T. W., Arch. Dis. Child., 18, 124 (1943). 
‘Haurowitz, F., Hoppe-Seylers Z., 183, 78 (1929). 
*¥ollison, P. L., Arch. Dis. Child., 18, 161 (1943). 


Carbonic Anhydrase in Arenicola marina 

SEVERAL years ago, Brinkman and his collaborators 
reported that carbonic anhydrase is present in the 
blood of Arenicola'. This observation was confirmed 
by Florkin*. Recently, through the kindness of 
Prof. H. Munro Fox, I have had an opportunity of 
studying the distribution of the enzyme in this 
annelid in more detail than was done in these two 
papers, and some interesting points have come to 
light. 

The determinations of enzyme activity were made 
by the ‘boat’ method of Meldrum and Roughton*, 
precautions being taken to ensure that diffusion did 
not constitute a limiting factor. All the experiments 
were carried out at 0° C., the Meldrum — Roughton 
unit of activity being calculated for that temperature. 
Tissues were cut into small pieces, washed with several 
changes of sea water and then weighed. After being 
ground with a little sand, they were extracted for 
one hour at room temperature with distilled water 
in the proportion of 1 ml. to each 25 mgm. of tissue. 
The catalytic effect of the tissue extracts was always 
compared with the activity of blood diluted to give 
the same final hemoglobin concentration. Hence 
any errors due to traces of blood remaining in the 
tissues were reduced to a minimum. Hemoglobin 
was determined directly with a Hilger — Nutting 
spectrophotometer. 

Table 1 gives the figures obtained for blood samples 
taken from five individuals, together with figures for 
human blood (A. M.C.) to serve as a comparison. 
It will be seen that the mean activity of Arenicola 
blood is about the same as that of human blood, 
although there is considerable individual variation. 


Table 1 
Enzyme Hemoglobin Activity : 
(units per c.mm.) (gm. %,) hemo _lobin 
2° 1-38 
3° 1°03 
4- 1°10 
2: 1°31 
1° 1-44 
3-0 1-25 


15°3 0-024 
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The ratio of enzyme activity to hemoglobin con- 
centration, calculated as units of enzyme per cubic 
millimetre of blood and grams of hemoglobin per 
hundred c.c., is much higher in Arenicola than in 
human blood and tends to be fairly constant. The 
presence of such a large amount of carbonic anhydrase 
is of considerable importance, for Arenicola blood, 
like that of most annelids, contains very few 
corpuscles. Of four samples of blood centrifuged 
for thirty minutes at 3,200 r.p.m., only one showed 
any signs of a slight deposit of cellular material. 
Thus the enzyme must be free in solution, an ex- 
ception to the generalization that carbonic anhydrase 
is never found outside cells‘. 

The enzyme is also present in appreciable amounts 
in many of the tissues of Arenicola (Table 2) but is 
absent from the ccelomic fluid, as was noted by 
Florkin. 


Table 2 
Units of enzyme 
per 50 mgm. wet weight 


(Esophageal! pouches 71-110 
Chiorogenous tissue of stomach 15-38 
Gills 5-15 
6-14 
3-12 
1-4 
1-3 
Traces 
Traces 
verv: Nil 
Ceelomic fluid Nil 


Tissue 


Of all the tissues examined, the csophageal 
pouehes showed the highest concentration of car- 
bonic anhydrase. Although these diverticula have 
a very rich blood supply from several large sinuses 
situated beneath the inner epithelial lining, it seems 
rather improbable that they play an important part 
in the direct elimination of respiratory carbon dioxide 
from an animal so well equipped with external gills 
as Arenicola. On the other hand, it is difficult to 
see what other function they could have. The secre- 
tion is only slightly acid (pH about 6-4), so the 
glands can scarcely be similar to the gastric glands 
of vertebrates. It might be worth while considering 
whether the pouches represent a primitive respiratory 
organ which was of importance in annelids lacking 
external gills. In this connexion it is interesting to 
recall the work of Eisig’ on some of the smaller 
polychetes. He made a careful study of the ceso- 
phageal diverticula in syllids and hesionids and 
concluded that they act as reservoirs of water and 
air, from which oxygen can be obtained when the 
supply from the external medium is insufficient to 
meet the organism’s requirements. Eisig compared 
the pouches with the swim bladder of a fish. It 
would be interesting to examine the catalytic activity 
of the tissues of Arenicola assimilis, a form which 
possesses several pairs of cesophageal pouches. 

This investigation is being carried out during the 
tenure of an 1851 Exhibition Science Research 
Scholarship. My thanks are due to Prof. D. Keilin 
for suggesting the problem and for his interest in its 
progress. 

A. M. CLARK 

Molteno Institute, 

Cambridge. 
April 22. 


8 fy Margaria, Meldrum and Roughton, J. Physiol., 75, 3P 
(1932). 

* Florkin, Arch. Int. Physiol., 40, 283 (1935). 

* Meldrum and Roughton, J. Physiol., 80, 113 (1934). 

* Van Goor, Enzymologia, 8, 113 (1940). 

* Eisig, Mitt. Zool. Stat. Neapel., 2, 255 (1881). 
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LOCALIZATION OF ALKALINE 
PHOSPHATASE IN YEAST 


By Dr. WALTER J. NICKERSON 
(Guggenheim Memorial Fellow) 


EDITH J. KRUGELIS 


(Donner Foundation Fellow) 
AND 


NILS ANDRESEN 
Car'sberg Laboratorium, Copenhagen 


HE Gomori technique!’ for alkaline phosphatase 

localization has been extensively employed with 
animal and plant material; but it does not appear 
to have been employed with yeasts. The presence of 
acid and alkaline phosphatases in yeasts is well 
known?.*.*; but the location of these enzymes in the 
cell has not previously been described. We have 
applied the Gomori technique to preparations of 
Saccharomyces cerevisiae (strain ‘Yeast foam’, Carls- 
berg No. 237). Cells were grown in pure culture in 
10 ml. of 8 per cent Pilsner wort in Freudenreich 
flasks at 25°C. for 24 hr. At the end of this time 
the medium waz poured off and 10 ml. of sterilized 
distilled water was added to the cells sedimented 
at the bottom of the flask. The cells were suspended 
in the water by shaking, and drops of the suspension 
placed on microscope slides. The cells were allowed 
to dry in air for 10-30 min. and then incubated in one 
of the several phosphate compound substrates in a 
verenal buffer solution containing magnesium and 
calcium at pH 9-2 for 16-40 hr. at 37°C. The 
cobalt sulphide method of staining’ was then 
applied. 

Under these conditions we found phosphatase 
reactivity was shown by a general darkening, and 
also by more intense localization as a dark spot 
within the cell (Fig. 1). This spot localization was 
obtained with hexose diphosphate, sodium glycero- 
phosphate, and sodium pyrophosphate as substrates. 
With sodium hexametaphosphate as substrate, the 
spot did not appear; but the reaction resulted in a 
more intense general darkening and in the appearance 
of some granules, located in the peripheral layers 


i 
Fig. 1. Yeast cells exhibiting dark precipitate obtained by the Gomori phosphatase reaction using pyrophosphate as a substrate. 


Magnification, x 900; arrows to ‘companion body’ 


Yeast cells after the Gomori phosphatase reaction using hexametaphosphate as substrate. 
cells with peripheral granules 


Yeast cells heated for 3 min. before incubation with pyrophosphate as substrate. 


Fig. 2. 


Fig. 3. 
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(see Fig. 2). No spot or darkening was obtained 
in the controls (no substrate) or after heating the 
cells (for 3 min. in boiling water). Fig. 3 shows the 
negative reaction after heating. In the abserce of 
magnesium, there was some decrease in a: tivity 
detectable with sodium glycerophosphate and |. exos. 
diphosphate, and almost no activity with lium 
pyrophosphate or sodium hexametaphospheie as 
substrates. 

Concerning the spot localization, there is 
independent evidence that such a structure 
as a morphological entity. This evidence was ob 
by use of the Feulgen stain (Feulgen-positive body 
observed in an approximately similar position) and 
by observation of living cells in the phase-contrast 
microscope. It is not unlikely that this spot can be 
interpreted as the nucleus of the yeast cell. The body 
observed by us agrees well with the cytological picture 
of the yeast nucleus as presented by Nagel’. She 
demonstrated in the yeast cell the presence of two 
distinct bodies which she labelled ‘parvicorp’ (nucleus 
of most earlier authors) and ‘companion body’. We 
have also encountered a structure comparable to the 
‘companion body’. This was a smaller and lighter 
area adjacent to the darker area of the spot. With 
hexose diphosphate, sodium glycerophosphate, and 
sodium pyrophosphate, it seems that alkaline phos. 
phatase activity is localized with a Feulgen-positive 
structure and thus may be associated with desoxy. 
ribose nucleic acid. (However, ribose nucleic acid 
may also be present.) This finding of phosphatase 
within the Feulgen-positive material is in accord with 
those for the localization of alkaline phosphatase 
activity on the salivary gland chromosomes of 
Drosophila‘, and for the general association of 
phosphatase activity with desoxyribose nucleic acid 
as discussed by Jeener*. 

The general darkening within the cell suggests a 
possible association of enzyme activity with ribose 
nucleic acid. Such an association has been described 
previously for other tissues*. We treated cells with 
ribonuclease (10 mgm. per cent) as employed by 
Brachet’® and Brachet and Jeener"™ for the removal 
of ribose nucleic acid from the yeast cells. The 
reagent was used as an aqueous solution on washed 
air-dried films of cells. Yeast cells were allowed to 
remain in contact with the enzyme solutions at 
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gC. and 35°C. for several hours, during which 
time samples were taken at intervals and examined 
for phosphatase activity with each substrate. Tnere 
was a decrease in the general darkening ; but a shrink- 
age of the cytoplasm within the cell made cytological 
evaluation very difficult. The usual homogeneous 
dark Gram staining reaction of yeast thus treated 
with ribonuclease was reduced to stippled surface 
areas, and a fair proportion of the cells were Gram- 
negative. Henry and Stacey'* have shown that the 
property of Gram positivity is associated with surface 
magnesium ribonucleate. Tiis might be interpreted 
as indicating that in addition to the Feulgen-positive 
lealization some alkaline phosphatase in yeast may 
also be associated with ribonucleic acid at the cell 
surface. Recent investigations'* on P** exchange by 
yeast implicate a surface nucleic acid — riboflavin 
complex in the uptake of inorganic phosphate by 
ells from the medium. Furthermore, Brachet and 
Jener'* and Chantrenne’® have established that 
sdimentable cytoplasmic granules in mammalian 
cls comprise an association of ribonucleic acid, 
phosphatase, and other enzymes. Brachet'* and 
Kragelis*? find that there is a correlation between 
the localization of ribonucleic acid and alkaline 
piosphatase activity in the developing embryo 

f amphibians. The surface darkening and the 
ganulation obtained with hexametaphosphate sug- 
gst the possibility of another enzymatic reaction, 
athough we are aware of the protein precipitant 
nature of metaphosphate and the possibility of an 
artefact being produced during the reaction. The 
dependency on magnesium ion and heat lability of 
this reaction are in favour of its being enzymatic ; 
with this substrate we have also used a reaction 
temperature of 20°C. in view of the apparent in- 
sability of the hexametaphosphate under our con- 
ditions at 37°C. This reaction with metaphosphate, 
if enzymatic, may be involved with ribose nucleic 
acid, since Macfarlane** has isolated metaphosphate 
from yeast as an iron —nucleic acid complex. 

One more line of evidence points to the association 
suggested above of nucleic acid and alkaline phos- 
phatase in yeasts. Cells raised in a medium deficient 
in magnesium ions were stated by Henry and Stacey" 
to exhibit greatly reduced Gram positivity. We 
grew yeast in a synthetic medium with known low 
concentrations of magnesium and ferrous ions 
medium first purified by 8-hydroxyquinoline-chloro- 
form extraction following Waring and Werkman’* and 
the ions afterwards added). Cells grown in this 
medium exhibited the lessened Gram staining 
properties described above and showed a reduced 
darkening of the phosphatase reaction, accompanied 
by obvious changes in the general morphology of 
the cell. 

The positive cytochemical reaction obtained with 
pyrophosphate and the monophosphate esters as 
substrates suggests the presence of two enzymes (a 
pyrophosphatase and a phosphomonoesterase) local- 
id in the spot or aucleus of the yeast cell and 
present more diffusely in the cytoplasm as well. The 
extreme dependency cf the pyrophosphatase activity 
on magnesium ions as contrasted with a lesser depend- 
ency of the phosphomunoesterase activity strengthens 
the contention that two different enzymes may be 
present. The literature contains convincing chemical 
evidence?®,?!,22 for the existence of a pyrophosphatase 
distinct from a phosphomonoesterase, although the 
two are often associated together in a variety of 
plant forms. The appearance of a somewhat different 


localization of the reaction with hexametaphosphate 

as substrate may mean a third enzyme, for which 

there is some evidence from the work of Schaffner 

and Krumey’*. 

* Gomori, G., Proc. Soe. Erp. Biol. Med., 42, 23 (1939); J. Cell 
Comp. Physiol., 17, 71 (1941). ; 

* Schdffaer, A., and Krumey, F., Z. physiol. Chem., 255, 145 (1938). 

* Bailey, K., and Webb, E. C., Biochem. J., 38, 394 (1944). 

* Kertesz, Z. I., J. Amer. Chem. Soc., 62, 4117 (1930). 

* Nagel, L., Ann. Mo. Bot. Gard., 38, 249 (1946). 

* Krugelis, E. J., Genetics, 30, 12 (1945); Biol. Bull., 90, 220 (1946). 

* Danielli, J. F., and Catcheside, D. G., Nature, 156, 294 (1945). 

* Jeener, R., Actualité Biochem., 10, 88 (1947). 

® oN J., “Embryologie chimique’’ (Paris: Masson et Cie., 

2) 

° Brachet, J., C.R. Soc. Biol., 183, 88 (1940). 

* Brachet, J., and Jeener, R., Acta biol. Belg., 2, 269 (1942). 

‘* Henry, H., and Stacey, M., Nature, 151, 671 (1943); Proc. Roy. 
Soc., B, 138, 391 (1946). 

“* Nickerson, W. J., and Mullins, L. J., Nature, 161, 939 (1948). 

** Jeener, R., and Brachet. J., Acta biol. Belg., 1, 476 (1941). 

'* Chantrenne, H., Biochim. et Biophys. Acta, 1, 437 (1947). 

** Brachet, J., Experientia, 2, 143 (1946). 

* Krugelis, E. J., Biol. Bull., 93, 215 (1947). 

'* Macfarlane, M. G., Biochem. J., 30, 1369 (1936). 

* Waring, W. 8.,and Werkman, C. H., Arch. Biochem., 1, 303 (1943). 

* Bauer, E., Z. physiol. Chem., 239, 195 (1936) 

" Giri, K. V., Ann. Biochem. Exp. Med., 1, 297 (1941). 

* Booth, R. G., Biochem. J., 38, 355 (1944). 


APPLICATION OF DYNAMIC 
. SIMILARITY TO METAL 
STRUCTURES WITH ELASTIC 
AND PLASTIC FLOW 


By M. W. THRING 


British Iron and Steel Research Association 


N the attempt to attain dynamic similarity for 
fluid flow systems, different dimensionless criteria 
appear according to whether momentum and vis- 
cosity, Or momentum and gravity, are the dominant 
factors in deciding the flow pattern. The purpose of 
this communication is to show that a similar argument 
applied to the attempt to attain dynamic similarity 
for the flow of a metal structure gives also two 
alternative dimensionless criteria according to whether 
momentum and elasticity or elasticity and plasticity 
are the dominant factors. . 
For the purpose of dimensional analysis, it is 
sufficient to consider one dimensional movement, and 
the fundamental equation governing the motion of 
an element of the metal structure can be written in 
the simplified form 
a et ae 
v € 
m. >= Pz + a if (e, ae, | xe — 6). (6) ao}, 
<=? (1) 
where m is mass of metal per unit length (gm./cem.) ; 
v is velocity of movement of volume element (this is 
related to ¢, but it is not necessary to express the 
relation for the purposes of dimensional analysis) 
(em./sec). : Pz is external force acting on unit length 
of metal (::ynes/cm.*) ; € is normal strain (dimension- 
less); 6 is parameter expressing the previous time 
at which a stress o(6) was applied (sec.); K(t) is 
‘remembrance function’ expressing the effect upon 
the present strength of previous application of stress!. 
The expression in the bracket on the right-hand 
side represents the difference between the stress 
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acting upon the element of volume and the internal 
forces (elastic and plastic) resisting this stress. Its 
exact form is open to doubt ; as expressed here it is 
equivalent to the assumption that these internal 
forces depend on the extent of the deformation, the 
rate of the deformation and on previous history. 
Orowan* has pointed out that even an equation of 
this form cannot express fully the behaviour of a 
metal, since it is possible to wipe out the entire 
influence of the past by a sudden extension of a few 
per cent. Even this statement implies, however, that 
the past history affects the present strength in a 
definite way although difficult to express mathe- 
matically. It is possible, therefore, for dimensional 
purposes to write equation (1) in the form 
dv d f{ 4 

na = P; + = 1 ze neh, (2) 
where both EZ (the instantaneous value of Young’s 
modulus) and » (the instantaneous ‘viscosity’) are to 
be regarded as complex but definite functions of past 
history, having the dimensions of dynes/em.* and 
dyne-sec./cm.* respectively. 

When dimensional analysis is applied to equation 
(2), the condition for static similarity is the usual 
one; N, = P/E must be the same in model and 
original, so that the forces per unit area in model 
and original must be the same if the same material 
is used (same value of £). 

In flow systems where the inertia of the material 
itself and the elastic forces are the important factors, 
for example, in elastic oscillations of a clamped bar 
or in impact testing, the condition for dynamic 
similarity is that 

7 1E : L* 
N; =p t/T c= 5. V8 or. a 
Hence when the same material is used in model and 
original, the usual similarity condition applies, that 
velocities must be kept constant, that is, the time- 
scale must be shortened in proportion to the reduction 
of linear dimensions. 

Where, however, plastic or viscous forces are 
important as well as elastic forces but the inertia of 
the material can be neglected, a different criterion 
for dynamic similarity appears. In general, it is now 
essential to use the same material for model as for 
original, and it then follows that the condition for 
similarity is that the time-scale is the same in the 
model as in the original. It follows that it is not 
possible to obtain dynamic similarity on a reduced 
scale where both inertial and rate-dependent plastic 
forces are important. 

In the general case it is not possible to construct 
a suitable dimensionless criterion for this condition 
—if a Kelvin solid* could be found for which EZ and 
7 of equation (2) were definite fixed quantities one 
could define a Kelvin Number : 


, uy) q 
Nz= 7/£ = ET’ 

The condition of equality of time-scale implies that 
the material of the model has been carried through 
the same past treatment of stress and heating on the 
same time-scale as the material of the original. The 
fundamental assumptions on which similarity is based 
when this condition is satisfied are those implied in 
the presentation of most experimental data on the 
engineering properties of metals, namely, (1) o and ¢ 
are connected in the same way for specimens of 
different sizes; (2) if the metal is subjected to the 
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same treatment over the same length of time its 
internal condition is changed in the same way ; to 
which must be added the condition which separ::tes 
the use of Kg from N,; (3) the inertial forces mist 
be negligible compared with the rheological ones. 

These three conditions enable the limits of app) ic. 
ability of the plastic criterion of dynamic similarity 
to be defined as in the case of the R, and F, criteria 
for fluid flow. Brittle fracture‘ and fatigue do not 
satisfy the first condition because there is an absolute 
seale of size inherent in each of these processes, so 
that no similarity is possible with scale change, 
Fibrous fracture may in some cases not satisfy ‘he 
third condition and impact testing certainly does 
not. On the other hand, most cases of creep, internal 
damping, rate of loading effects, elastic after-effect, 
and plastic flow in the work-hardening range sat isfy 
the three conditions. In such cases similarity can be 
attained even though external forces are of the impact 
type, provided the latter are suitably scaled as L*, 
Similarly, in studying the effect of self-oscillations of 
@ structure upon permanent set, external loading 
of the model structure to give the same period of 
oscillation satisfies the conditions. The reproduction 
of joints in a structure on the model scale necessarily 
gives rise to failures of similarity’, which makes 
unsuitable the use of models of systems where the 
flow primarily takes place at joints. 

This similarity criterion is very much easier to 
satisfy than that of the Reynolds number, where the 
use of the same material implies that the time-scale 
must be shortened by n* if the length-scale 
is reduced by 1/n; and may therefore have useful 
applications in connexion with the laboratory study 
of rate of loading and damping effects in such struc- 
tures as wire ropes, ship or car hulls and girders. 


* Zener, C., Metals Technology, 23 (Aug. 1946). 

* Orowan, E. (private communication). 

ay 7 “Ten Lectures on Theoretical Rheology”, Equation 16 

* Orowan, E., 
Brit. Iron and Steel 
1945). 

* Baker, J. F. (private communication). 
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CHOLINESTERASES 
By Dr. KLAS-BERTIL AUGUSTINSSON 


Biochemical Institute, University of Stockholm 


T is known that the cholinesterases from various 

animal tissues are not identical, and it has been 
proposed that two types of acetylcholine-splitting 
enzymes exist. This ‘type theory’ does not explain 
fully some of my recent observations’. 

Substrate specificity depends probably on the pro- 
tein character of the enzyme molecule, which may 
vary from tissue to tissue. In blood serum, the 
enzyme is probably an albumin; in the red blood 
cells, where it has been shown to be bound to the 
cell membrane, it is probably a lipoprotein. This is 
also true for the cholinesterase of the nervous 
system, where the enzyme is bound to the cell 
structure. Hence, the red-cell esterase would be 
expected to be related to the nerve esterase rather 
than the serum esterase, and this has, in fact, been 
demonstrated. The enzymes from brain and red 
cells are said to be ‘specific’ cholinesterases, and in 
addition a ‘non-specific’ cholinesterase is said to 
exist, for example, in human serum, which hydrolyses 
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acetylcholine as well as aliphatic esters, for example, 
tributyrin. 

The use of acetyl-8-methylcholine and benzoyl- 
choline for distinguishing between these two types 
of cholinesterase may sometimes be of value, but it 
js not sufficient for a classification of these enzymes. 
In comparing the activities of an esterase towards 
various esters, the substrate concentrations must be 
considered. For example, the ‘specific’ cholinesterase 
splits both acetyl-f-methylcholine and acetylsalicyl- 
choline at a lower rate than acetylcholine at low sub- 
strate concentrations, but at a higher rate when 
substrate concentrations are high. Bodansky* has 
shown that the red-cell esterase acts on triacetin, 
and I find that this enzyme hydrolyses the acetyl- 
ester linkage in acetylsalicylcholine; the term 
‘specific’ is therefore not adequate. 

In agreement with Richter and Croft* and with 
Bodansky*, I regard the cholinesterases as a ‘family’ 
of related enzymes with widely divergent properties. 
The following classification is based on the activity- 
substrate concentration relationship for acetylcholine 
as substrate. This classification leads me to distin- 
guish two groups. Group I contains enzymes which 
are inhibited at high concentrations of acetylcholine 
(optimurn at 3 x 10°* M). The enzymes of Group II 
follow the Michaelis— Menten formulation, which 
means that the maximum rate occurs with infinite 
substrate concentrations. Enzymes within each 
group differ in certain other respects. There is no 
absolute specificity to choline esters in either group. 

Group I includes the cholinesterases of the nervous 
system, of red blood cells, of Helix blood and of 
Sepia ‘liver’. The red-cell and brain esterases are 
identical, but differ from the Heliz-blood and Sepia- 
‘liver’ esterases. Differences are seen in the action 
of inhibitors such as choline, caffeine and quinine, 
and in the ability to split various esters. For ex- 
ample, the Helix-blood esterase is characterized by 
its high activity with acetylaneurine as substrate. 
The cholinesterase of shark plasma also belongs to 
this group. 

Group II includes the cholinesterases of certain 
sera (for example, man, horse) and of the dart sac 
of Helix pomatia, The serum esterases show inhibition 
by excess of benzoylcholine (optimum concentration 
1-0 x 10°? M); this is not the case with the dart- 
sac esterase, which hydrolyses benzoylcholine rather 
slowly. The serum esterases are competitively in- 
hibited by choline, but not the dart-sac esterase. 

Acetylcholine is the only choline ester found in 
animal tissues, and this is why I define as a cholin- 
esterase an esterase which, under conditions optimal 
for the hydrolysis of acetylcholine, splits this ester 
more rapidly than any other ester. Consequently 
the rapid hydrolysis of benzoylcholine by guinea pig 
liver is not due to a cholinesterase; this reaction 
is not due to specific ‘benzoyl-choline esterase’. 

The optimum substrate concentration is increased 
in the presence of the strongly basic clupein. The 
negatively charged gum arabic is known to have the 
opposite effect‘. I was unable to confirm the finding 
of Mendel and Rudney‘ that the addition of potassium 
chloride caused a shift of the optimum substrate con- 
centration. The affinity of the positively charged 
acetylcholine ion for cholinesterase may be directly 
proportional to the negative charge of the enzyme. 
Hence, with increasing negativity, optimum con- 
ditions are shifted towards lower acetylcholine con- 
centrations, that is, towards more physiological con- 
ditions. I am inclined to think that such a change 
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in cholinesterase activity occurs during nervous 
activity. In depolarization, the neuronal surface be- 
comes more negative, and since cholinesterase is con- 
centrated at this surface*, enzymic activity becomes 
optimal at lower concentrations of acetylcholine. 

* Augustinsson, K. B., Acta physiol. Scand., 15, Supp. 52 (1948). 
* Bodansky, O., Ann. N.Y. Acad. Sci, 47, 521 (1946). 

* Richter, D., and Croft, P. G., Biochem. J., 36, 746 (1942). 

* Mendel, B., and Rudney, H., Science, 100, 499 (1944). 

* Mendel, B., and Rudney, H., Science, 102, 616 (1945). 

* Nachmansohn, D., “Vitamins and Hormones’’, 3, 337 (1945). 


CLAY MINERALS AS CATALYSTS 
AND ADSORBENTS 


WHOLE-DAY meeting of the Clay Minerals 

Group of the Mineralogical Society, held in the 
apartments of the Geological Society on January 23, 
was largely devoted to a discussion on the use of 
clay minerals as catalysts and industrial adsorbents ; 
in the later part of the afternoon some general papers 
were also given. 

Mr. R. H. 8. Robertson (Glasgow) introduced the 
subject with a highly condensed account of the 
catalytic uses of clays, which could not adequately 
be. summarized. He pointed out that so long ago as 
1915, Gurwitsh studied the catalytic polymerization 
of unsaturated compounds by floridin, and this 
clay (the active element in which is attapulgite) has 
since been used in a wide variety of other reactions. 
Another clay about which much data are available 
is Japanese acid clay (montmorillonitic). Every type 
of organic reaction has been shown to be catalysed 
by one or other of the available types of clay. 

Dr. F. E. Salt (Distillers’ Co., Ltd.) described 
experiments on polymerization of «-methyl-styrene. 
This substance is not polymerized by heat alone, as 
styrene is; but in the presence of suitable clays it 
reacts at a low temperature to give low molecular 
weight polymers (‘Polymeth’) which may find uses as 
plasticizers o: extenders, or (when mixed with castor 
oil) as microscope immersion media. The clays used 
were activated montmorillonites of German and 
English origin. In the discussion, Mr. Armitage 
(Lewis Berger and Sons) mentioned the use of such 
clays for polymerizing indene, coumarone and styrene. 

An account of the uses of clays in cracking petro- 
leum was given by Mr. J. N. Haresnape (Anglo-Iranian 
Oil Co.). Here again, activated montmorillonites are 
used, and they have to compete with the more 
effective, but more expensive, artificial products 
(silica-alumina gels), which were largely used during 
the War, when cost was a secondary consideration. 
The clay catalysts tend to alter during use, with 
production of excessive gas and carbon. This has 
been attributed to hydrogen sulphide adsorption, 
though the Anglo-Iranian workers have found that 
clays of high iron content show this type of activity 
even with low-sulphur feedstocks. 

In practical operations with clay catalysts, diffi- 
culty arises from the very large quantity of catalyst 
which has to be put through a cycle of use and 
regeneration by heat. One successful practical method 
of doing this is the fluidizing technique, which was 
described by Dr. T. H. Blakeley (Esso Development 
Co., Ltd.), and illustrated by a film and demon- 
stration. In this method small granules (20-40 u) of 
catalyst are agitated by an upward stream of oil 
vapour, in which state they show many of the 
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properties of a liquid, and may be dealt with in a 
continuous process. Plants working on this principle 
which are in use or on order (excluding the U.S.S.R.) 
are capable of dealing with 60,000,000 tons of feed- 
stock per year. 

In a discussion on the process of activation of 
montmorillonites, Dr. B. 8S. Emédi (Fullers’ Earth 
Union, Ltd.) explained that, by means of acid treat- 
ment, the crystalline structure appears to be partly 
broken down. The improved catalytic activity may 
be associated with the presence of free colloidal silica, 
or with the greater effective surface of the mineral, or 
with both factors. 

The afternoon session contained papers on topics 
connected with adsorption. It was opened by Mr. A. 
Ibison (W. Bibby and Sons, Ltd.), who dealt with the 
adsorption of colours from oils and solvents. He 
stressed the importance of fixed conditions of tem- 
perature, moisture, acidity, etc. Adsorption iso- 
therms, corresponding to maximum percentage colour 
adsorbed at each colour concentration, are then found 
to be of the Langmuir type with non-activated clays, 
and steeper with the activated type. 

Dr. G. W. Nederbragt (Bataavsch Petroleum 
Mij, Amsterdam) described the use of floridin for 
separating long-chain from branched-chain hydro- 
carbons. The technique used is essentially that of 
chromatographic analysis with pentane as the solvent. 
The author suggested that the selective adsorption 
of normal hydrocarbons is due to the channels present 
in the structure, as described by Bradley'. 

Experiments on the adsorption of basic dyes by 
ealcium montmorillonite were described by Dr. 
Emédi. It was observed that while the dye adsorbed 
is nearly equivalent to the base-exchange capacity of 
the clay (104 m. equiv. per 100 gm.), usually only 
30-80 m. equiv. of calcium are released, the dis- 
crepancy increasing with the number of benzene rings 
in the molecule. From calculations of the frequency 
of calcium ions between the montmorillonite sheets 
and the area of the dye molecules, the theory was 
advanced that the latter are adsorbed between the 
unit plates, but mainly near the edges, thus blocking 
the outlet of many exchangeable calcium ions. The 
clay particles thus become positively charged and can 
adsorb negative ions. 

Dr. D. M. C. MacEwan (Rothamsted Experimental 
Station) suggested that the mechanism of formation 
of organic complexes by montmorillonite may be 
closely connected’ with surface adsorption on such 
minerals as mica, the tendency of the clay mineral 
sheets to gather one or more adsorbed layers of 
molecules providing a repulsive force between them, 
while the balancing attractive force may be eleciro- 
static in nature. Using Bangham’s data* on mica 
adsorption, it is possible to get a potential curve for 
methanol showing a minimum in the right position. 

Two general papers, descriptive of work done under 
a programme of research for the British Iron and Steel 
Research Association, were given by Dr. J. White and 
collaborators of the University of Sheffield. The sub- 
stance of the paper by B. Vassiliou has already 
appeared in Nature’. The second (with P. Murray) 
dealt with an attempt to measure reaction constants 
and activation energies for the thermal dissociation 
of structural water in different types of clay, using 
both constant and steadily increasing heating rates. 

Good results were obtained with kaolinitic and 
micaceous clays enabling the form of thermal analysis 
peaks to be reproduced from the calculated data; but 
with a montmorillonitic clay the values obtained for 
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the constants depended on the conditions of heat ing, 
&@ point which is now being investigated. 
Comparison of the papers given in the morning 
and afternoon sessions suggested that phenomena of 
adsorption tend to be better correlated with what jg 
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catalysis. Meetings such as this should therefore 
serve a useful purpose by bringing together clay 
mineralogists with chemists working on the problem 
of catalysis, and enabling them to exchange inform. 
ation. D. M. C. MacEwa: 


* Bradley, W. F., Amer. Min., 25, 405 (1940). 
* Bangham, D. H., and Mosallam, 8., Proc. Roy. Soc., A, 166, 558 | 
* Vassiliou, B., and White, J., Nature, 161, 487 (1948). 
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ELM DISEASE 


LM disease has been a serious pest in Britain 

during the last score of years. The Foresiry 
Commission has issued Leaflet No. 19 (London: 
H.M. Stationery Office, 1947), which is an up-to-date 
account of what is known at present about this 
disease, the life-histories of the associated bark 
beetles, and control measures. 

The attack in most parts of England and Wales is 
by now pretty well known, and the trees either 
die down from the top, or they may die from the 
top down one side. Usually the cause of the die. 
back is the fungus Ceratostomella ulmi Buism. working 
in association with Scolytus elm bark beetles. When 
this disease was first discussed, it was known as the 
Dutch elm disease, having come into Britain from, it 
was thought, Holland. Its connexion at that time 
with the bark beetlo was not generally appreciated. 
The fungus is a member of the Ascomycetes. It exists 
in the tree mainly in the form of small yeast-like 
bodies, which multiply rapidly by budding, and are 
carried along in the water-conducting vessels with 
the sap. The fungus produces a toxic substance, 
which not only poisons the affected branch, but also 
stimulates the vessel walls to produce gum-containing 
bodies. These tend to block the vessels and thus lead 
to death from lack of water, as well as from direct 
poisoning. 

As is well known, bark bsoetles are especially 
dangerous to a tree when anything has occurred to 
stop or to lessen the upward flow of sap. In the case 
of elm disease, when the sap flow becomes restricted, 
the well-known elm bark beetles, Scolytus scolytus 
(destructor) and Scolytus multistriatus, can make their 
breeding grounds in the bark with comparative ease. 
The grubs hatching from the eggs thus have a cam- 
bium layer, with a restricted flow of sap but sufficient 
to keep it fresh, upon which they feed. 

The fungus can only produce its minute and 
delicate fructifications in very sheltered situations, 
such as under loosened bark or in the beetle galleries. 
The fructifications are of two kinds, black flask- 
shaped bodies (asci) and thin black stalks (coremia) ; 
both are about 1 mm. in length, and both bear 
microscopic spores at the top in round drops of 
mucilage. Although they are visible to the naked eye 
when produced in mass, they are hard to find, and 


a 





of little value, therefore, in early diagnosis. 
Ceratostomella ulmi is not the only cause of disease 
in elms; but in the south of England, at any rate, 
it outweighs all other diseases in importance. In 
Scotland the wych elm is subject to a dieback less 
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mpid and usually less severe than that caused by 
true elm disease; the cause is as yet unexplained. 
Elms in towns may be killed by gas leakages, and 
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those in unfavourable situations are often injured by 
drought or excessive water in the soil; but these 
causes Of death are easily distinguished from the elm 
disease proper. 

Bull. 841, Cornell University Agricultural Experi- 
ment Station (September 1947) also deals with elm 
disease ; it is entitled “Log Treatments for Bark 
Beetle Control in connection with the Dutch Elm 
Disease”. The bulletin is devoted to the assembly of 
the principal data from a series of long-treatment 
experiments carried out at the Dutch elm disease 
research laboratory of the New York State College of 
Agriculture. The War stopped a number of the 
experiments which were in hand, and others which 
had been planned were not begun. It was therefore 
decided to publish all the results of the work so far 
carried on, so that this information might be avail- 
able for the continuation of research, and the determ- 
ination of control programmes. 

The fungus is the same as that mentioned above, 
but the beetlés working in conjunction with the 
fungus in the United States are Scolytus multistriatus 
and Hylurgopinus rufipes. The disease organism is 
described as harbouring in bark beetle galleries made 
in wood from healthy trees, as well as from diseased 
trees, and is carried out and distributed by the 
beetles which emerge. The proper disposal of dead 
and dying elm wood which is suitable for bark beetle 
breeding, even if it is not from diseased trees, is 
therefore an essential feature of a local Dutch elm 
disease programme. 

It is not possible to deal more closely with the 
contents of this most interesting bulletin, which is 
well worth studying, with its interesting illustrations. 
It is, however, a matter of considerable interest that 
the so-called Dutch elm disease has now become very 
widespread, and it certainly requires intensive 
investigation. The present writer has himself been 
watching infested trees of his own during the 
past twenty years, and as one outcome of the 
observations carried out, considers it does not follow 
that a tree attacked will die, for it may throw off 
the disease. In this there is possibly some connexion 
between the vigorous state of the tree, and the fact 
that the Scolytus beetles do not get the upper hand ; 
in fact, quite possibly they are unable to make their 
breeding galleries, owing to the flow of sap being 
too strong. E. P. STEBBING 


NATIONAL INSTITUTE OF 
ECONOMIC AND SOCIAL 
RESEARCH 


HE annual report of the National Institute of 

Economic and Social Research for 1946-47 
records no change in the financial situation ; grants 
from the Rockefeller Foundation, the Leverhulme 
Trustees and the Nuffield Foundation continuing to 
be the mainstay of the Institute’s finances, and a 
special grant of £1,000 was made by the Nuffield 
Foundation for the support of a book to be published 
under the title “Lessons of the British War Economy”’, 
which is intended to form a professional symposium 
on British war economics. With funds of the Garton 
Foundation, transferred to the Institute in 1942, it 
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has been decided to establish an annual Garton Prize, 
probably of the value of 100 guineas, which was to be 
offered for competition in 1948. It is intended to 
publish the prize-winning essay in a special Garton 
Monograph Series. Experience with the Senior 
Research Fellowship scheme which terminated during 
the year showed the value of the scheme in assisting 
university research during the transition period ; 
but the increased funds becoming available for 
research in the social sciences in the universities of 
Great Britain have diminished the need for special 
awards for experienced research workers, and there 
is already difficulty in finding persons of sufficient 
maturity and experience for the programmes planned. 

A grant was made to Bedford College in support 
of the research project entitled “‘An Enquiry into the 
Social Factors Determining Earned Income’’ being 
carried out by Mrs. Barbara Wootton, another to the 
Department of Applied Economics, University of 
Cambridge, for a senior research worker for the 
output section of the inquiry into expenditure, 
output and income, 1920-38, and another to pro- 
vide Prof. E. Victor Morgan, at University College, 
Swansea, with part-time research assistance for the 
project “‘Studies in British Financial Policy, 1914-25”. 
It was expected that the report of the Joint Advisory 
Sub-Committee with the Institute of Chartered 
Accountants on the meanings and uses of terms 
commonly employed by both accountants and 
economists would be ready for submission to the Joint 
Exploratory Committee early in 1948. The Institute 
has also agreed to co-operate in the provision of 
bibkographical service with the International Asso- 
ciation for Research in Income and Wealth. 

The fourth issue of the “Register of Research in 
the Social Sciences’’ was circulated in the spring of 
1947, and the “Register” is in future to be published 
as an annual available on a subscription basis only. 
In regard to research programmes, the major task of 
fact-collecting for the “Distribution Enquiry”’ has 
been completed, and work on each of the three main 
parts of the “Building Enquiry”’ progressed steadily. 
Work has continued on the “National Expenditure, 
Output and Income, 1920-38, Enquiry’’, and a new 
investigation, to be called “The Social Accounts of 
Local Authorities”, has developed out of work on the 
Public Authority section. The report on international 
comparisons of productivity in British and American 
manufacturing industry has been circulated privately 
to a limited number of research centres, Government 
departments and other organisations. 

The contribution of the independent research 
institute is discussed at some length in the report, 
which points out that such organisations are the 
natural complement of the universities, with which, 
and Government departments, the report of the 
Clapham Committee was solely concerned. They can 
undertake investigations which are unlikely to be 
developed under university conditions, and apart 
from providing a common meeting-place for repre- 
sentatives of different interests and different 
approaches to the social sciences, they can take risks 
in opening new ground or trying expensive new 
methods which an individual scholar or university 
might not be able to afford. Among the ancillary 
functions of the independent research institute, 
special emphasis is laid upon that of providing a 
clearing house for information. 

The Institute in March 1947 called an informal 
conference of some forty persons responsible for the 
conduct or organisation of research. As a result of 
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this conference, a report was published entitled 
“Social and Economic Research and Government 
Departments” which has been given a wide circula- 
tion. The conclusions of the conference are embodied 
in & set of practical proposals which go far towards 
providing means for unravelling the difficulties of the 
research worker in the social sciences in his depend- 
ence on Official sources of data. For example, the 
conference urged that it is a matter of first 
importance that general principles governing the 
confidential character of official material should be 
formulated. It also recommended that in drawing 
up the departmental schedules governing the pre- 
servation and destruction of records, outside experts 
should be consulted. Other pressing problems such 
as the automatic release of certain collections, the 
setting of time-limits to the inaccessibility of docu- 
ments, the publication of material by Government 
departments in signed articles, the development of 
research bulletins and the need for outside expert 
advice on new collections of data were also con- 
sidered by the conference ; an appendix to the report 
lists twenty-four major collections, tabulations and 
analyses of data known to exist in Government 
departments or which can readily be compiled and 
are of basic importance to research workers. The 
report, however, is only a first step, and the conference 
can be convened again when there is work for it to do. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

CHIEF ANIMAL Hussanpay OFFICER, _, Department of Agriculture 
and Lands, Southern The y, esia House, 
429 Strand, London, W. e 2 (August 5). 

SENIOR CHEMISTS to take charge of small research teams on physical 
and chemical problems of coal tar and its a 2S an 
to take charge of Analytical Department, 
work on the constitution of coal tar and refining Bay 
TELLIGENCE OFFICER AND LIBRARIAN to take charge of a Technical 
Library, etc., and ABSTRACTORS (male or female 
istry with a working knowledge of French 
Director of Research, Coal Tar Research pk oy 9 Harley Street, 
London, W.1 (August 7). 

RESEARCH AWARD IN THE DEPARTMENT OF ZOOLOGY—The Regis- 
trar, University College, Hull (A it 7). 

ASSISTANT LECTURER (Grade III) IN GrogRaPHY—The Soametane, 
The University, Edmund Street, Bi ham 

ASSISTANT ADVISORY OFFICER 1) TURAL 
Secre , Edinburgh and East of Scotland College of Agriculture, 13 
George Square, Edinburgh 8 (August 7). 

LECTURER IN ELECTRICAL ENGINEERING—The Principal, Royal 
—— t Establishment Technical College, Farnborough, Hants 
(August 10). 

a... OFFicER at the Forest eee Be Research Labora- 

, Princes Risborough, to assist in research work 
wit , woodworking mac! and "Branch, 27" Groeves Secretary, 
Civil Service Commission, entific B 27 Grosvenor Square, 
London, W.1, quoting No. 2206 (August 11). 

HEAD OF THE --~ wo ry DEPARTMENT of the Kent Farm 
Institute, Sittingbourne, IN HORTICULTURE AND 

RURAL STUDIES at the kone Horticultural Institute, Swanley—The 
County Education Officer, Kent Education Committee, Springfield, 
Maidstone (August 14). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF MINING—The Rezis- 
trar, The University, Sheffield (August 14). 

m with special qualifications Iv PURE MATHEMATICS (or 
i. . LECTURER)—The Registrar, University College, Hull 
ugus 

SENIOR LECTURER (temporary) and LECTURERS (2) IN MATHEMATICS 
at Auckland University College, Auc' , New Zealand—tThe Secre- 
tary, Universities Bureau the British Empire, 8 Park Street, 
London, W.1 (August 15). 

LECTURER IN THE DEPARTMENT OF METALLURGY—The Registrar, 
The University, Liverpool (August 23). 

SENIOR LECTURER IN PRODUCTION ENGINERRING—The Registrar, 
College of Aeronautics, ‘Senior 


CHEMISTS (men and women) for unestablished appointments in the 
es of SCIRNTIFIC OFFICER Class and EXPERIMENTAL OFFICER a, 
or analytical work in connexion with atomic neney deve’ 
The Ministry of Labour and National Service, Technical and jentific 
Register, K Section, York House, Kingsway, London, W.C.2, quoting 
F.73/48A/2 (August 24). 
ENGINEERING INSPECTOR IN THE FIRE SERVICE DEPARTMENT 
of the Home Office—The Secretary, Civil Service Commission, Scien- 
tific yy 27 Grosvenor Square, London, W.1, quoting No. 2208 
<{August 24). 
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SENIOR PROFESSIONAL OFFICER FOR CERAMIC AND REFRA . 
RESEARCH, Government Me’ cal aan ae of 
Witwatersrand, J Governmen 


ae 

lurgica! peg! D c/o Victor Reid, South A Africa House, Trot 

juare, —— C.2 ‘Atoust $1). 
N THE DEPARTMENT OF PURE 


of the Witwatersrand The U 
a of the British Empire, 8 Street, London, Wil 


PROFESSORSHIP OF ECONOMIC AND MINING GEOLOGY in the 
by yt ee of the | na 


3 Royal Cancer Hosp!tal— 
The Ae Academic Registrar, University of London, Senate House, Londgg, 
W.C.1 (September 1). 
RESEARCH FELLOWSHIP and @ RESEARCH ASSISTANT IN THE DEPARR 
MENT OF Economics of Natal University © The Secr 
Universities —— of the British Empire, 8 Park Street, London J 


(September 1 

ASSISTANT — IN THE DEPARTMENT OF Puysics, Unive 
College of the West Indies, Jamaica—The Secretary Inter-Univ 
Couneil for Higher Education in the Colonies, 8 Park Street, Lo 
W.1 (September 15). 

PROFESSOR OF ZOOLOGY at Makerere _ K 
The Secretary, Inter-University ay: for 

k Street 1 (Septem 
by f- EPARTMENT 


Collier Road, 
LECTURER IN tent and a DEMONSTRATOR IN GEOLOGY—-Thy 


: WARD IN THE DEPARTMENT OF ZOOL 


§ nder-Secretary ite, Colonial O: 

De nt, Sanctuary Buildings, Great ‘Smith Street, Tie S.Wi 
RCTURER IN THE MATHEMATICS DEPARTMENT—The Principal, 

Northampton Polytechnic, St. John Street, London, 

Lasealseet ASSISTANT (woman) at Aylwin “Sonoot,  southwadt 
Park Road, S.E.16—The Education Officer (Estab. 2), London County 
Council, The ake Hall, , 3.E.1 

LECTURER IN PHYSIOLOGY up to B. Se. " standard—The Clerk to the 
Governors, Chelsea Polytechnic, Manresa Road, London, 8.W.3. 

ENTOMOLOGIST IN THE DIVISION of the Department af 
Agriculture and Forests, Sudan Government—The Sudan nt in 

Welli House, | —— Gate, London, 8.W.1, & 





to medical 
tic Unit, Medical 
, Hammersmith Hospital, Ducane Road, London, 


A Aan 
HOTOGRAPHIC TECHNICIAN with experience a hoto-micrography, 
os: a3. Biephotien Besser Unit—Prof. J  F. Randall, King’s 


London, 

mn (with sentegnenite experience in routine oc 
IN THE DEPARTMENT OF Saaee Men mye a” 
to be responsible for ee a 
istry, Biochemistry and C —The 
Cross Hospital Medical School rm Chandos 

SENIOR SCIENTIFIC OFFICER (G. 224/48A) to take ole e 
and Chemistry nese a SENIOR SCIENTIFIC ey "iséy4sa) 
take charge of Ph Electronics FFICER 
(F.429/48A) for a Lh, of deterioration ‘ “= 
plete equipment exposed under tropical conditions, a SENIOR EXpEae 
MENTAL OFFICER (A.186/48A) to lead a team working on 
EXPERIMENTAL OFFICERS AND ASSISTANT NTAL OFFICERS 
m4 work in the following Sections Aist/aah), (F.430/48A), Biology 

225/48A), Physics and Electronics (A 187/ General neering 

3: 415/484), at the Ministry of Supply Tropical seins | tablish- 
ment, Port Harcourt, Nigeria—The National 
Service, Technical and Scientific Register (K), York House, Dy 
London, W.C.2, quoting = ap Ref. No. 


n the Mechanical Testing Section—The 
Secretary, British Won-Persous Metals Research Association, 81-91 
Euston Street, London, N.W.1. 
SENIOR LABORATORY ASSISTANT—The Headmistress, Maidstone 
Grammar School for Girls, Maidstone. 
THEORETICAL PHYSICIST or MATHEMATICIAN (preferably with Le 
peetets, and tensor ceemeun, Gad oe E AL PHYS! 


METALLURGIST to work i 


P Fearon, Fora 
HYSICIST with ¢ 
niques—The yes 
water House, 58 Whitworth 
ANALYST IN THE Dapanraas or is of the School of 
borough— 


Agriculture, Sutton Boni The Registrar, 
University College, Nottingham. ' 

ASSISTANT LECTURER IN GEOGRAPHY, & LECTURER IN PHARMACO- 
LOGY, a DEMONSTRATOR IN COLOGY, an ASSISTANT LECTURER 
IN PHARMACEUTICS, and a es 3 IN PHARMACEUTICS—The 
7, University College, Ni 

YSIOLOGIST to obtain cxverience from 1 to 2 years in American 
C. Bazett, Department of Physiology, 
Philadelphia, Pa., U.S.A. (write by air 


Puysicist—The House Governor, Royal ———, Wolverhampton, 

ASSISTANT GAME WARDEN—The Sudan Agent in London, Welling- 
ton am, B Buckingham Gate, London, 8.W.1, cntened * ‘Assistant 
Game W 
ASSISTANT LECTURER (temporary) IN MATHEMATICS—The Registrar, 
University College, Singleton Park, Swansea. 

INSPECTOR OF AGRICULTURE, Department of Agriculture and Forests, 
Si Government— t—The Sudan Agent in London, Pr 
— Gate, London, 8.W.1, endorsed ‘Inspector of Agri- 


teaching and research— 
= of Pennsylvania, 
mail) 
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